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Like Many of You
William J. F. Hunter
Illinois State University
If you are reading this editorial and this issue of the Journal of STEM Teacher Education, we
likely share many of the same goals and motivations. The Center for Mathematics, Science, and
Technology (CeMaST) at Illinois State University is one of the oldest STEM centers in the nation.
Like many of you, we have been developing innovative integrated STEM curriculum since 1992.
CeMaST is the only one with curriculum approved for K–8 mathematics or science adoption in
several states, including Texas and California. Like many of you, and like the articles that you will
read in this issue, we have been working hard with teachers and schools to develop meaningful
STEM activities. Usually, this work comes at the invitation of teachers who desire to provide more
meaningful experiences for their students. However, this work is also stimulated by workforce and
talent pipeline issues. Professional development focuses on the transformations that are necessary
to help teachers grow and assist their students in developing the 21st-century skills outlined in the
Next Generation Science Standards and the Common Core State Standards. I hope that you will
find the articles in this issue meaningful and helpful as you endeavor to help students and teachers
grow in their integration of the STEM disciplines.
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Comparing High School Students’ and Adults’ Perceptions of Technology
Henry L. (Hal) Harrison, III
District 5 Schools of Spartanburg County
Philip A. Reed
Old Dominion University
Abstract
This study compared high school student’s perceptions of technology and technological
literacy to those perceptions of the general public. Additionally, individual student groups
were compared statistically to determine significant differences between the groups. The
ITEA/Gallup Poll instrument was used to survey high school student’s perceptions of
technology in the study. The student population in question consisted of three subgroups:
students enrolled in a standards-based technology education courses, students enrolled in
a Project Lead the Way (PLTW) Principles of Engineering pre-engineering course, and
students enrolled in a general education course (language arts, mathematics, or science).
In addition, each student group’s perceptions of technology were compared to one another
to determine differences within each group. Responses from 4 items in the ITEA/Gallup Poll showed descriptive differences between students and adults, and responses from
13 items showed a significant difference between the three student groups. Of those 13 items
showing a significant difference between all three groups, 7 of the 13 items showed a
significant difference between technology education and PLTW respondents, 6 of the 13
items showed a significant difference between PLTW and general education respondents,
and 8 of the 13 items showed a significant difference between technology education and
general education group respondents.
Keywords: Project Lead the Way; Technology education

The study of technology in secondary education has received significant attention in the past
two decades (NGSS Lead States, 2014; International Technology Education Association [ITEA]
2007; National Assessment Governing Board, 2013; Pearson & Young, 2002). Much attention in
the literature, however, has focused on information and communications technology (e.g., Olson,
O’Brien, Rogers, & Charness, 2011; Zickuhr & Madden, 2012) with very few studies focusing on
broader technological literacy (e.g., Falk & Needham, 2013). Additionally, there is a trend to add
engineering design content at the secondary level (NGSS Lead States, 2014).
A variety of pre-engineering courses have been introduced into secondary schools around the
nation, and arguably the most popular pre-engineering program being incorporated into schools
across the United States is Project Lead the Way (PLTW; McVeary, 2003; Hughes, 2006; Ereckson
& Custer, 2008). PLTW was developed in upstate New York in the mid-1990s and funded by an
educational endowment. The founding premise was to prepare a curriculum designed to encourage
students to become interested in the engineering field and ultimately to increase the numbers of
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engineers and engineering technicians in the United States (Hughes, 2006). The Division of
National Labor Statistics noted the rising need for future engineers as well as the current
critical shortage of qualified engineers in the profession (Southern Regional Education Board,
2001). Theoretically, the idea of developing pre-engineering programs to combat these critical
issues is natural; however, some scholars feel that other programs, such as technology education,
have suffered from the growth of pre-engineering programs around the nation (Rogers, 2006; M.
K. Daugherty, personal communication, August 5, 2008). In many states, PLTW and other similar
pre-engineering programs are starting to change technology education programs in both middle
and high schools, although their scope is narrower than broadly defined technology education
programs (Blais & Adelson, 1998).
Technology education programs have served students in the United States by teaching about
technological processes that are needed to solve problems and extend human capability (ITEA,
2007). Technology education has changed immensely from industrial arts in the 1980s. Instead
of content based on industrial practice (industrial arts) or the natural world (science), technology
education studies the human designed world, inclusive of technological systems, processes, and
artifacts (not just computers). Many states and organizations now refer to this K–12 discipline
as technology and engineering education (Reed, 2014). The push for disciplinary content
standards provided the context for the International Technology Education Association (ITEA;
now the International Technology and Engineering Educators Association) to publish the
Standards for Technological Literacy: Content for the Study of Technology (ITEA 2007), which
was first published in 2000, and clearly define the discipline of technology education as well as
outline the characteristics of a technologically literate individual. ITEA, as well as other advocates including the National Academy of Engineering and the National Research Council, agree
that technological literacy is important for all people (Pearson & Young, 2002; Pearson, 2004;
Garmire & Pearson, 2006; Daugherty, 2008; Terry, 2008). Although pre-engineering programs are
considered a specialized career and technical education (CTE) program, they do have an impact
on technology education programs that focus on technological literacy for all (Blais & Adelson,
1998). This study investigated the perceptions of technology in several groups; specifically, high
school students taking PLTW courses, students taking technology education courses, general
education students, and adults in the United States were studied to aid CTE program areas, the
technology education profession, school districts, and other constituents.
Purpose
This study sought to determine if differences existed in perceptions of technology between
adults and high school students. Additionally, this study was designed to provide a measurable
means of determining the perceptions of technology for high school students enrolled in technology
education courses and PLTW courses and for students not currently enrolled in either. The 2001
and 2004 ITEA/Gallup Poll (Rose & Dugger, 2002; Rose, Gallup, Dugger, & Starkweather, 2004),
an instrument that measures people’s perceptions of technology was administered to students
enrolled in PLTW’s Principles of Engineering course, students enrolled in the Fundamentals of
Technology (now titled Foundations of Technology) course within the state of North Carolina,
and a group of students not enrolled in either course. The Principles of Engineering course is a
broad introduction to engineering, whereas the Fundamentals of Technology course is a broad
technological literacy class based on the Standards for Technological Literacy (STL; ITEA, 2007).
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Additionally, this descriptive study allowed the researchers to compare student’s understanding and
perceptions of technology with adult’s perceptions of technology collected from ITEA’s 2001 and
2004 Gallup Poll studies (Rose & Dugger, 2002; Rose, Gallup, Dugger, & Starkweather, 2004).
To describe the perceptions of technology in each of the three student groups, the study utilized
a demographic questionnaire, the ITEA/Gallup Poll (ITEA, 2001, 2004) instrument and statistical
tests to determine significant differences between group means. It should be noted that both the
2001 and 2004 ITEA/Gallup Poll surveys incorporated a 4-point Likert scale for each survey
item in order to determine means and perform relevant statistical tests (ITEA, 2001, 2004). The
same 4-point scale was used during this study to aid in the investigation of a possible correlation
between the prior ITEA (2001, 2004) studies and the populations sampled. Additionally, the
students’ perceptions of technology were described and related to the courses that they completed.
Methods
Participants for this research study were convenience sampled1 from the North Carolina
Department of Public Instruction’s (NCDPI) technology education program and PLTW program
database during the 2009–2010 academic year. A convenience sample (n = 10) was drawn from
the entire population of North Carolina’s Fundamentals of Technology course teachers (N = 125),
and a sample (n = 9) was drawn from the entire population of North Carolina’s PLTW (N = 35)
programs. Additionally, a convenience sample consistent with the number of Fundamentals of
Technology courses and PLTW courses was drawn for the study to serve in a reference group
capacity. Randomly selected teachers were mailed a cover letter explaining the study to the teachers,
parent consent form, student participation form, a reference copy of the survey including specific
demographic information, and the ITEA/Gallup Poll (ITEA, 2001, 2004).
A demographic questionnaire and the ITEA/Gallup Poll instrument were used to collect data
for this study. The demographic questionnaire was designed to integrate with the ITEA/Gallup
Polls (ITEA, 2001, 2004) and collected information concerning each student’s gender, ethnicity,
general questions about which mathematics and science courses they have taken or are currently
enrolled in, a question asking how many technology or engineering related courses that they have
taken, and a way to identify which group they were in. The demographic data were used to show
similarities and differences among gender, mathematics and science backgrounds, technology or
engineering backgrounds, and ethnicity. The combined instrument and demographic questionnaire
were redesigned to be used in an online environment so that teachers could take students to a
computer laboratory and have them log into the online survey system and complete the survey.
All instruments and research methods were approved by the Institutional Review Board at Old
Dominion University in Norfolk, Virginia prior to data collection.
Both ITEA/Gallup Polls (ITEA, 2001, 2004) were developed in collaboration with ITEA and the
Gallup Organization. The original purpose of the poll was to determine the United States public’s
perceptions of technology and technological literacy (Rose & Dugger, 2002). It is important to
note, however, that the ITEA/Gallup Polls (ITEA, 2001, 2004) are opinion polls that measure
perception and general reactions to particular terms, ideas, proposals, or events. The instrument
is well grounded in the STL, and several survey items directly reflect STL. Moreover, the polls
1

Fraenkel and Wallen (2003) define a convenience sample as “a group of individuals who are conveniently available for study” (p. 103).
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included a series of questions that focused on technology and technological literacy concepts.
The content validity of the ITEA/Gallup Polls (ITEA, 2001, 2004) have been established
through the research of Rose and Dugger (2002) and Rose, Gallup, Dugger, and Starkweather
(2004). Both research projects were designed to reveal what Americans think about technology
and used STL as a foundation for the construction and validity of the instrument because STL was
developed to standardize the concepts taught in the study of technology (ITEA, 2007). Moreover,
a majority of STL is incorporated into the instrument design to accurately assess the public’s
perceptions of technology (W. E. Dugger, Jr., personal communication, November, 20, 2008).
Reliability was evident during the administration of both the 2001 and 2004 ITEA/Gallup
Polls. In both studies, telephone-owning households in the United States were selected for the
survey, and random digit telephone dialing techniques were used to insure the inclusion of both
listed and unlisted numbers. Also, within each household, only one man or woman 18 years or
older was surveyed. In both years, the survey was conducted over a 3-month timeframe. After
the surveys were collected, it was determined that both studies had 95% confidence that the error
attributable to sampling and other random effects could be plus or minus 4% (Rose & Dugger,
2002; Rose, Gallup, Dugger, & Starkweather, 2004). Perhaps the only surprising difference in the
administration of both polls was that the 2001 study surveyed 1,000 respondents, whereas the 2004
study surveyed 800 respondents.
Another aspect of instrument reliability that was attained from the ITEA/Gallup Polls (ITEA,
2001, 2004) was through the similar results reported even though there was a 3-year time difference
between the 2001 and 2004 polls. The three major conclusions reported from the 2001 poll were
almost verbatim to those of the 2004 poll. Both studies had slightly different agendas. For instance,
the 2001 poll was designed to explore the public’s view of technology, what it is, and its continuing
impact on society, whereas the 2004 poll was designed to build on the 2001 study by adding to,
reinforcing, and augmenting the understandings gained from the prior study. Even though the
2001 and 2004 polls had differing agendas, the three major conclusions from the 2001 poll were
validated and reinforced with data from the 2004 study. In addition, Rose, Gallup, Dugger, and
Starkweather (2004) revised the first study’s conclusions, incorporating three more conclusions
that are justified by the cumulative weight of the two studies.
Findings
Data on adult perceptions of technology were obtained from Rose and Dugger (2002) and
Rose, Gallup, Dugger, & Starkweather (2004) and were used to compare to the students’ responses.
Additionally, comparisons were made between students in the Fundamentals of Technology course,
students in the PLTW Principles of Engineering course, and a group of students from a general
education course (i.e., language arts, mathematics, or science) who had either not taken or were not
currently enrolled in the PLTW or Fundamentals of Technology class. Descriptive statistics were
used to summarize and compare the data in each group (Ott & Longnecker, 2001), and collected
data were compared using chi-square analysis to answer the research questions.
The demographic information collected from each group was synthesized in order to develop
commonalities and differences between the student groups. Gender and ethnicity demographics
were collected in order to observe differences in perception of technology utilizing these
demographics in both mutual and exclusive manners. The general questions addressing the various
mathematics, science, and technology or engineering courses that students took aided in determining

https://ir.library.illinoisstate.edu/jste/vol51/iss1/1
DOI: doi.org/10.30707/JSTE51.1

6

Vol. 51 No. 1, Spring 2016

Journal of STEM Teacher Education

commonalities or differences between each group’s enrollment in the various courses and their
perceptions of technology. The demographic information collected in this study is reported in
summary form to better illustrate the sample.
Of the 29 packets mailed to teachers of all three groups, 15 packets were returned for a response
rate of 51.7%. A total of 151 students participated: 58 were enrolled in technology education classes,
23 in Project Lead the Way classes, and 70 enrolled in general education classes. All instruments
were deemed usable for the study. Technology education teachers were mailed 10 packets, five of
which were returned for a response rate of 50%. Project Lead the Way teachers were mailed nine
packets, four were returned for a response rate of 44%. Ten general education teacher packets were
mailed with six being returned for a response rate of 66%. Although no demographic instrument
item asked respondents to identify their age and grade level, it was assumed that students were of
standard high school age and grade level based on their participation in the classes in which they
completed the survey. Table 1 illustrates the demographics of respondents by gender and ethnicity.
Table 1
Gender and Ethnicity of Respondents

Male
Female
African American
Asian
Hispanic
White
Other

Technology education

PLTW

General education

82.8%

82.6%

54.3%

(48)

(19)

(38)

17.2%

17.4%

45.7%

(10)

(4)

(32)

19%

8.7%

34.3%

(11)

(2)

(24)

0%

13%

5.7%

(0)

(3)

(4)

5.2%

8.7%

4.3%

(3)

(2)

(3)

69%

69.6%

51.4%

(40)

(16)

(36)

6.9%

0%

4.3%

(4)

(0)

(3)

Demographic data from both the 2001 and 2004 editions of the ITEA/Gallup Poll were similar
in nature (Rose & Dugger, 2002; Rose, Gallup, Dugger, & Starkweather, 2004). Respondents from
both studies were taken from telephone households in the continental United States. One thousand
people were surveyed in the 2001 study, and 800 people were surveyed in the 2004 study. Both
studies required the respondents to be 18 years of age or older.
The demographics for the 2001 study included 47.9% of the sample being male and 52.1%
being female. The age of respondents was divided into three categories, including 18–29, 30–49,
and 50 and older. The respondents were 20.7% in the 18–29 age group, 43.5% were in the
30–49 age group, 34.7% were in the 50 and older age group, and 1.1% of the sample chose not to
disclose their age. The race demographic was categorized as White, African American or Black,
7
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and all others. Eighty-three percent of the sample classified themselves as White, 9.5% as African
American or Black, and 6.9% as all others. Finally, the respondents were asked in what region they
resided, which was divided into four categories including East, Midwest, South, and West. Of the
respondents 22.8 percent listed the East as their region of residence, the Midwest had 23.6%, the
South at 31.2%, and the West at 22.4% (Rose & Dugger, 2002).
The demographic data for the 2004 study was comprised of 48.6% male and 51.4% female
respondents. The age demographic in the 2004 study had four classifications including: 18–29,
30–49, 50–64, and 65+ age groups. Of the sample, 17.7% was 18–29, 41.7% were 30–49,
23.9% were 50–64, and 15.8% were 65+. Less than one percent (0.9%) chose not to classify
themselves within an age group. Similar to the 2001 study, over 80% (80.4%) of the respondents
were White, 10.3% African American or Black, and 7.6% were all other. Lastly, the 2004 study’s
demographics were similar to the 2001 study in regards to categorizing the region of the United
States where the respondents resided. Respondents in the East accounted for 22.7% of the sample,
the Midwest accounted for 24%, the South accounted for 31.8%, and the West accounted for 21.5%
(Rose, Gallup, Dugger, & Starkweather, 2004).
Along with the standard demographic information presented in Table 1, it was decided to
identify how many technology or engineering courses students from all three groups have taken in
the past, not counting the course that they were currently taking. Table 2 illustrates these findings.
Table 2
Technology or Engineering Courses Respondents Have Taken Previously Not Including the Course They
Are Currently Taking
Technology or engineering course
Technology education (n = 58)
PLTW (n = 23)
General education (n = 70)

0

1

2

3 or more

20.7%

27.6%

34.5%

17.2%

(12)

(16)

(20)

(10)

26.1%

26.1%

30.4%

17.4%

(6)

(6)

(7)

(4)

27.1%

24.3%

24.3%

24.3%

(19)

(17)

(17)

(17)

It is interesting to note that for the technology education and PLTW groups, over 34% and 30%,
respectively, of the students have had two technology or engineering courses prior to the course in
which they were currently enrolled. Another interesting finding was the near even distribution of
general education students between each of the four selections. Of the 70 general education student
respondents, 19 students noted that they had never taken a technology or engineering class. In the
remaining categories (1, 2, and 3 or more), the distribution of students was equal (17).
It was also determined that as part of the instrument’s demographic information, it would be
interesting to identify what mathematics and science courses the respondents had taken or were
currently taking. Table 3 illustrates the mathematics courses that the respondents had taken or were
currently taking, and Table 4 illustrates the science courses that the respondents had taken or were
currently taking.
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Table 3
Mathematics Courses Respondents Were Currently Enrolled in or Had Taken Previously
Group
Technology education (n = 58)
PLTW (n = 23)
General education (n = 70)

Algebra 1

Algebra 2

Geometry

Pre-Calculus

Calculus

100%

50%

60.3%

15.5%

1.7%

(58)

(29)

(35)

(9)

(1)

95.7%

73.9%

91.3%

34.8%

8.7%

(22)

(17)

(21)

(8)

(2)

98.6%

64.3%

80%

22.9%

5.7%

(69)

(45)

(56)

(16)

(4)

Table 3 illustrates that in lower level mathematics classes, such as Algebra 1 and Geometry,
60% or greater percentage of students from each of the groups were either currently enrolled
in or had taken those courses. In the higher level mathematics classes, however (Algebra 2,
Pre-Calculus, Calculus), the groups begin to differentiate. For example, only half (50%) of
technology education students had taken or were currently enrolled in an Algebra 2 course,
whereas almost two-thirds (64.3%) of general education students and nearly three-fourths (73.9%)
of PLTW students had taken or were currently enrolled in an Algebra 2 course. Additionally, over
one third of PLTW students (34.8%) had taken Pre-Calculus, whereas only 15.5% and 22.9% of
technology education and general education students respectively had taken or were currently
taking Pre-Calculus. From the data, it is apparent that PLTW students had a stronger background in
higher level mathematics than either of the other student groups in regards to this study’s sample.
It should be noted that the PLTW and technology education classes are primarily taken during the
student’s freshman and sophomore years. Due to the apparent variety of mathematics courses that
general education students had taken, the general education students as a whole were older than
the other student respondents.
Table 4
Science Courses Respondents Were Currently Enrolled in or Had Taken Previously
Group
Technology education (n = 58)
PLTW (n = 23)
General education (n = 70)

Physical Science

Biology

Chemistry

Physics

69%

75.9%

19%

13.8%

(40)

(44)

(11)

(8)

65.2%

73.9%

52.2%

26.1%

(15)

(17)

(12)

(6)

61.4%

75.7%

47.1%

14.3%

(43)

(53)

(33)

(10)

Table 4 illustrates that there was nearly an even distribution between the three student groups
in regard to students who had taken or were currently taking both Physical Science and Biology,
both of which are considered fundamental science courses. For instance, respectively, 69%, 65.2%,
and 61.4% of technology education, PLTW, and general education course student respondents had
taken or were currently enrolled in a Physical Science class. Similarly, respectively, 75.9%, 73.9%,
and 75.7% of technology education, PLTW, and general education course student respondents
9
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had taken or were currently enrolled in a Biology course. In higher level science courses, such as
Chemistry and Physics, the PLTW student group has a greater percentage than the other two groups.
It should be noted, however, that PLTW (52.2%) and general education (47.1%) students had
similar percentages in Chemistry, whereas only 19% of technology education student respondents
had taken or were currently enrolled in the course.
Discussion
The 2001 and 2004 editions of the ITEA/Gallup Poll had some very minor differences and, as
mentioned earlier, were combined for this study and formatted for an online survey environment.
There were 32 items not including the demographic questions, so only the significant findings will
be discussed here due to page limitations. Readers are encouraged to review Rose and Dugger
(2002) and Rose, Gallup, Dugger, and Starkweather (2004) for a complete list of ITEA/Gallup
Poll items.
Differences Between Students and Adults
After descriptively analyzing the differences and similarities between the students surveyed in
this study and the adults surveyed in the 2001 and 2004 editions of the ITEA/Gallup Poll, very few
differences were revealed between the groups. However, responses from Items 18, 19, 22a, and 32
showed descriptive differences between students and adults. These items are reported below with
an explanation of why the differences may exist between the two groups.
Item 18 asked respondents to determine whether the United States should bring in technologically
literate people from other countries or take steps through our schools to increase the number of
technologically literate people in our country when a shortage of qualified people occurs in a
particular area of technology. Ninety-three percent of adults believed that the United States should
take steps in our schools to increase the number of technologically literate people as compared to
only 70.9% of students. Perhaps the discrepancy between the student and adult groups was due with
the fact that students are currently in school and believe they may have to take courses which help
them to become technologically literate and do not foresee the possible negative implications of
bringing in technologically literate people from other countries to solve our country’s technological
problems.
Item 19 defined technology as “modifying our natural world to meet human needs” and asked
respondents if they believed the study of technology based on this definition should be included in
school’s curriculum. Ninety-seven percent of adults and 86.8% of students believed that the study
of technology should be included in school curriculum. Although not as varied as the responses
of adults and students to Item 18, this differences in responses warrants further investigation.
Perhaps the reason for the lower percentage of students responding affirmatively to this item was
primarily due to the students currently being in school and believing that they may be susceptible
to additional coursework encompassing technology as a subject area if they responded favorably
to the item.
Item 22a asked respondents how important it was for schools to prepare students to understand
the relationship between science, technology, and mathematics. Ninety-eight percent of adults
and 93.1% of students responded that it is either very important or fairly important that schools
prepare students to understand the relationship between the three disciplines. This item illustrates
that students, even at a relatively young age, understand that these disciplines are not mutually
https://ir.library.illinoisstate.edu/jste/vol51/iss1/1
DOI: doi.org/10.30707/JSTE51.1
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exclusive of one another and that the relationship between these disciplines grow stronger as the
disciplines continue to evolve.
Item 32 informed respondents that the federal government requires that students be tested in
science, mathematics, and reading and asked respondents if these tests should include questions to
help determine how much students understand and know about technology. Eighty-eight percent
of adults and 57.2% of students believed that questions designed to determine understanding and
knowledge of technology should be included in these national assessments. However, this item is
similar to Items 18 and 19, which may lead students to believe that if this item was represented in
a positive light, students may be required to be evaluated on the concepts of technology. Nearly
60% of the student respondents found it important for the nation to assess student’s understanding
and knowledge of technology. Likewise, adults greatly see the need to assess technology skills.
This is consistent with numerous professional organizations involved in science, mathematics, and
technology education (Pearson & Young, 2002; National Assessment Governing Board, 2013).
Differences Between Student Groups
Thirteen of the 66 items in the ITEA/Gallup Poll (ITEA, 2001, 2004) showed a significant
difference between students that complete a Project Lead the Way pre-engineering course, students
who complete the Fundamentals of Technology standards-based technology education course,
and students who are only enrolled in general education courses. Of those 13 items showing a
significant difference between all three groups, 7 of the 13 items showed a significant difference
between technology education and PLTW respondents, 6 of the 13 items showed a significant
difference between PLTW and general education respondents, and 8 of the 13 items showed a
significant difference between technology education and general education group respondents.
The technology education and Project Lead the Way student groups had seven survey items
that showed a significant difference between the two groups. Of those seven items, Item 9 gave
students two definitions and asked them to select which definition they most closely believed was
the definition of technology. The technology education students by and large (98.2%) believed that
technology, by definition, was the changing of the natural world to satisfy our needs as compared
to both of the other student groups who believed technology was just computers and the Internet.
This perspective of technology that both the PLTW and general education students believed is a
very narrow definition. This narrow definition correlates with both the original ITEA/Gallup Polls
(ITEA, 2001, 2004) adult respondents’ definition of technology, although organizations such as
ITEA, the National Science Foundation, the National Research Council, and the National Academy
of Engineering agree with the much broader definition of technology as changing the natural world
to satisfy human needs.
The narrow scope of technology (computers and the internet) that PLTW student respondents
selected as being the definition of technology may perhaps be the foundation for their responses
on several other items. For example, Item 22e asked how important it was for schools to prepare
students to have an understanding of the advances and innovations in technology. Perhaps the
reason that Item 22e showed a significant difference between the technology education and PLTW
student groups dealt with the narrow definition of technology. If the majority of students believed
that the definition of technology was simply “computers and the internet”, it is not surprising that
the students in these groups did not find Item 22e to be as important as the technology education
students did because of their perceived definition of technology. Therefore, due to the majority of
11
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PLTW students perceived definition of technology, Item 22e would not seem to be very important
to those students because they believe they can learn about the advances and innovations of
computers and the internet on their own without formal schooling on the subject matter.
Item 12 gave students two statements (“Don’t care how it works as long as it works” and
“Would like to know something about how it works”) and asked students which of the two
statements best described their attitude toward the various forms of technology that they use in
everyday life. This item seems to indicate support for broad-based technological literacy because
a majority of respondents from technology education (86.2%), PLTW (69.6%), and general
education (77.1%) groups stated that they would like to know something about how various forms
of technology worked.
Item 13b, which asked respondents whether the results of the use of technology could be both
good and bad, alludes to the sociocultural aspect of technology. It is perhaps understandable as to
why there was a difference between the technology education and PLTW groups due to the fact
that STL Standards 4–7 directly relate technology and society. Because each of the technology
education respondents were enrolled in a standards-based technology course, and the fact that 4 of
the 20 STL standards address technology and its sociocultural aspects directly, there was a significant
difference between the PLTW and the technology education student groups. Although PLTW
does incorporate STL into its curriculum, the technology and society standards may either not be
addressed or not properly emphasized in its curriculum. Another conclusion is the significant
difference between the PLTW and general education student groups because students enrolled
in general education courses are not exposed to STL, yet differ significantly between the PLTW
student group in believing that the results of the use of technology can be both good and bad.
Another difference between technology education students and PLTW students was illustrated
on Item 16a, which asked students whether or not they could explain to a friend how a flashlight
worked. A large majority of PLTW (91.3%) and general education (79.7%) students believed
that they could indeed explain how a flashlight worked to their peers, whereas only 65.5% of
technology education students believed that they could explain the function of flashlight operation
to a friend. Perhaps one reason that technology education students may not believe they can
adequately explain the function of a flashlight to a friend is due to the concepts they may have
learned in their technology course such as: D/C theory, electricity, electronics, and luminescence
that are all incorporated into the function of a flashlight. These concepts can often be considered
abstract and could also not be incorporated into the technology education curriculum in detail.
Technology education students may have realized that in order to truly be able to explain how
a flashlight worked to their friends, they would need to know these concepts learned in their
technology class thoroughly, and because those concepts were just perhaps introduced to the
technology education students, those students may not believe they can adequately explain how a
flashlight worked. Likewise, because general education and PLTW students may or may not have
studied those specific concepts pertaining to a flashlight and simply believe that flashlights operate
by connecting dry-cell batteries, a switch, and a light bulb together in order to complete the circuit.
Item 17e asked students whether or not antibiotics killed both bacteria and viruses. Antibiotics
kill only bacteria, but only 25.8% of technology education students and 27.2% of general
education students either believed that the statement was either probably false or absolutely false as
opposed to 60.8% of PLTW student groups. The fact that just over one in four technology
education students believe that antibiotics only kill bacteria could perhaps mean that
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technology education curricula should intensify its instruction on medical technology in standards-based
technology education classes. Additionally, as similar percentages suggest based on the sample
obtained from the general education students, science courses should place greater emphasis on
medical technology. As noted in Table 4, the sample of PLTW students surveyed in this study, as
a majority, have taken more advanced science courses than the technology and general education
students, which may affect the PLTW group’s response to this survey item.
Another conclusion derived from the technology education and PLTW student groups was
found in item 22c, which asked how important it was for schools to prepare students to know
something about how products are designed. An overwhelming majority (92.4%) of technology
education students believed that it was either very important or fairly important for schools to
prepare students to know something about how products are designed, as compared to 69.6%
PLTW and 76.5% of general education respondents. It is not surprising that a strong majority of
technology education students believed that schools should prepare students to know something
about how products are designed because that is an enduring concept taught in technology
education classes. It was interesting, albeit not statistically significant, that the percentage of
students in the general education group was higher than that of the PLTW student group. This is
rather interesting because one of PLTW’s core competencies is teaching the engineering design
process through a variety of means. One would think that students who are enrolled in PLTW
courses would as a majority, have a greater belief that schools should teach students about how
things are designed than general education students. Although PLTW teaches engineering design
as one of its core competencies, PLTW may not include aspects of marketing, product life cycle,
and other aspects of product design. Given that the Next Generation Science Standards (NGSS
Lead States, 2014) emphasize engineering design, secondary students will start to see an increased
emphasis on design across subject areas.
This study was designed to assess perceptions of technology and as the literature suggests,
there is no one instrument that assesses all three dimensions of technological literacy (Garmire
& Pearson, 2006; Petrina & Guo, 2007). However, once a valid technological literacy assessment
is developed which assesses all three dimensions, research should be conducted with adults and
student groups similar to those utilized for this study. Some organizations such as the Education
Testing Service (ETS) are working with the National Assessment of Educational Progress (NAEP)
to develop items that assess technological literacy. Curriculum models such as PLTW and
Engineering byDesign have developed items specific to their curricula but still assess multiple
dimensions of technology and technological literacy. Perhaps these curriculum-specific assessment
items could be revised or formulated to fit in the context of large-scale technological literacy
assessments such as those ETS is developing with NAEP. Similarly, curriculum programs that
focus on technological literacy should partner with NAEP and other professional organizations
specializing in the assessment of technological literacy to stress the importance of assessing
technological literacy in United States.
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Abstract
In his Fiscal Year 2015 budget, President Obama proposed a strengthened investment in
education with particular emphasis on STEM. With a $600.1 million budget, the President
proposed several initiatives directed primarily at pre-Kindergarten through Grade 12
(P–12) education. These initiatives will target the improvement of teaching and learning in
P–12. Also, the postsecondary sector will target the improvement of undergraduate STEM
education and increase minority participation in STEM. Anticipated returns on these investments include more and better prepared, connected, and informed STEM teachers;
accelerated introduction of proven, evidence-based STEM pedagogies; increased youth
engagement in STEM in traditional and informal settings; increased participation in STEM
from traditionally underrepresented groups; and increased retention of students in STEM.
With the President’s strong motivation toward providing students with relevant learning
experiences that teach real-world skills, integrative STEM education is proposed as the
vehicle to achieve the articulated goals. It is anticipated that STEM will become a foundational component of every student’s educational experience across the country, which will
ultimately lead to a broader STEM-literate populous and a more robust STEM workforce.
STEM education is touted as a critical area of education that will determine the future
global positioning of the United States. This governmental and monetary support is
encouraging, but we question whether STEM is a genuine priority considering that the
STEM education budget represents less than 1% of the U.S. Department of Education’s
budget and only 0.015% of the country’s overall budget. Is the funding in line with the
purported importance, and will it be sufficient to achieve the articulated goals and expected
returns on investment?
Keywords: Integrative STEM education, STEM education

Science, technology, engineering, and mathematics (STEM) is seen as our country’s means
to remain globally competitive and produce responsible and productive world citizens (Duncan,
2010; Sanders, 2009). Atkinson and Mayo (2010) identify that despite the implicit importance and
value of STEM education, the U.S. educational system is criticized for falling short and failing to
sufficiently provide for our future needs. In his Fiscal Year 2015 (FY15) budget, President Obama
has proposed a strengthened investment in education at the rate of a 45% increase in the U.S.
Department of Education’s annual budget compared to FY14 (U.S. Department of Education [ED],
2014) with particular emphasis on STEM education as part of his goal to empower all Americans
with the education and skills that they need to be successful in the 21st century. The increased
attention and monetary support for these subject areas denotes that STEM education is a priority
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area for FY15.
The Budget proposes a fresh Government-wide reorganization of STEM education
programs designed to enable more strategic investment in STEM education and more
critical evaluation of outcomes, leveraging Government resources more effectively to meet
national goals. This proposal reduces fragmentation of STEM education programs across
Government, and focuses efforts around the five key areas identified by the Federal STEM
Education 5-Year Strategic Plan: P–12 instruction; undergraduate education; graduate
education; broadening participation in STEM to women and minorities traditionally underrepresented in these fields; and education activities that typically take place outside of the
classroom. (Executive Office of the President of the United States, Office of Management
and Budget, 2014, p. 23–24)

As is the case in most contexts, there is an implied expectation of return on investment. This
paper considers the situated importance and status of STEM education, priorities of the FY15
budget related to STEM education, explores the necessary actions to be taken to achieve President
Obama’s goals, recommends prospective short- and long-term deliverables resultant of increased
investment in STEM education, and discusses one model to achieve these goals, Integrative STEM
Education.
Importance of STEM Literacy
Every facet of our lives is affected by technological developments and innovations in national
security, communication, automation, engineering, healthcare, and many other fields. Information
has become the currency of power and success. Our world is increasingly complex and rapidly
evolving, and it is STEM workers who make technological breakthroughs that move our country
forward by “generating new ideas, new companies and new industries” (Langdon, McKittrick,
Beede, Khan, & Doms, 2011, p. 1). With these rapid advances, countries now look beyond their
borders to a global economy in which the advantage goes to companies that are the first to invent,
design, and produce innovative processes and products.
In order to be globally competitive, the United States must remain innovative and technologically
savvy, and this is thought to be dependent on the prevalence of STEM-literate workers that the
country produces. “The Department of Commerce has estimated that from 2008-2018, STEM
occupations are projected to grow by 17 percent, while non-STEM job prospects are expected
to grow by only 9.8 percent” (Kamali, 2014, para. 3), at a rate of almost 1.75 times that of
non-STEM fields (see Langdon et al., 2011, p. 1, Figure 1). In addition, rapidly changing technology
has affected expectations of the workforce in other industries not traditionally considered to be
STEM, such as construction, retail, transportation, and hospitality, in which STEM skills are
required for success (U.S. Department of Labor [DOL], 2007). Beyond this desire to ensure
economic competitiveness, there is an essential need for a technologically and scientifically literate
citizenry who can understand political issues in order to make informed decisions that span from
merely personal to global in scope.
Despite this demand for STEM-literate workers, many students never make it into the STEM
pipeline because of inadequate preparation in foundational STEM areas. Internationally, the
United States is falling behind, with overall scores in math and science declining since 2000, and
ranks 26th in mathematics and 21st in science among industrialized nations participating in the
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2012 Programme for International Student Assessment (PISA) study (Organization for Economic
Co-operation and Development, 2014). Arguably, comparison of PISA test scores between countries
is not comparing apples to apples. However, the National Assessment of Educational Progress
(NAEP), our nation’s report card, shows similar trends at the national level, with an overall 26%
math proficiency level in 2013 and average Grade 12 math test scores showing no change between
2009 and 2013 (National Center for Education Statistics [NCES], 2013). During the same period,
science scores increased marginally, which was primarily attributed to the widespread introduction
of hands-on activities in the classroom (NCES, 2013). According to 2013 ACT results, just 44%
of ACT-tested high school graduates met mathematics college readiness benchmarks, and only
36% met benchmarks for science (ACT, 2013). Our educational system is consistently criticized
for failing to produce students with STEM skills or the interest and ability to pursue advanced
STEM degrees. In 2009, the percentage of U.S. college graduates with undergraduate degrees in
science and engineering was 36.4% (Gonzalez & Kuenzi, 2012). Even among those who do pursue
a college major in the STEM fields, only about a third of those graduate work in a related career
(Langdon et al., 2011). The situation is compounded by the fact that a large segment of the existing
STEM workforce is approaching retirement and that the country’s past reliance on foreign STEM
workers has been tempered by increasingly restricted immigration (DOL, 2007). In response, the
government is making efforts “to increase the supply and quality of ‘knowledge workers’ whose
specialized skills enable them to work productively within the STEM industries and occupations”
(DOL, 2007, p. 1) by targeting STEM education reform and fueling the STEM pipeline. The goal
is to create a STEM-literate populous and a diverse STEM-competent workforce at a variety of
skill and knowledge levels.
Fiscal Year 2015 STEM Education Investments
The President’s budget for FY15 includes specific provisions for education: “Americans must
be prepared with the skills and knowledge necessary to compete in the 21st century economy.
Expanding educational opportunities is critical to equipping all children with these skills and
positioning them to succeed as adults” (Executive Office of the President of the United States, Office
of Management and Budget, 2014, p. 23). The overall goal is to deliver STEM education to more
students and teachers with increased effectiveness. The FY15 budget includes key investments,
as part of the President’s 5-year strategic plan, which lists the main priorities as: “improving |
pre-kindergarten-through-grade-twelve (pre-K-12) STEM instruction; increasing and sustaining
youth and public engagement in STEM; enhancing the STEM experience of undergraduate
students; better serving groups historically underrepresented in STEM; and designing graduate
education for tomorrow’s STEM workforce” (ED, 2014, p. 1).
The FY15 budget for the U.S. Department of Education (including discretionary and mandatory
funds) is $82.3 billion, which represents a 45% increase in funding compared to FY14 (ED, 2014).
The key investments in STEM education proposed for FY15 are outlined in Table 1, totaling $600.1
million (ED, 2014). Figure 1 shows the distribution of funds across STEM education programs at
the pre-Kindergarten through Grade 12 (P–12) and postsecondary levels.1
1

Please note that the Upward Bound program, which is represented in Figure 1 by dashes, is the only
program that spans high school through college and, thus, has been included in discussions of both P–12
and postsecondary education funding.
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Minority Institutions

Program

Incoming teachers

Teachers

States

LEAs in partnership
with IHEs, NPOs,
public agencies and
businesses

Support to

Transform excellent STEM teachers into national STEM leaders
Improve STEM teaching and learning nationwide
Disseminate and share promising practices in schools, districts, and
states
Recruit, prepare, and place effective STEM teachers in high need
schools
Prepare 100,000 excellent STEM teachers in next decade
Prepare high school students from disadvantaged backgrounds for postsecondary education leading to careers in math and science fields

•
•
•
•

•

•
•
•
•

•

•

•

•

•

Prepare 1 million more STEM graduates in next decade
Improve undergraduate STEM education
Improve retention of undergraduates in STEM fields
Improve undergraduate teaching and learning in STEM subjects

Increase number of Hispanic and low-income students attaining degrees
in STEM fields
Develop agreements between 2- and 4-year HSIs in STEM fields

Implement long-range improvements in science and engineering education
Increase participation of underrepresented ethnic and racial minorities
in scientific and technological careers

Complement to STEM Innovation Networks to improve STEM teaching and learning at state level
Implement comprehensive, evidence-based state plans
Provide professional development
Support comprehensive STEM instruction on grades and schools with
highest need

•
•
•
•

Transform P–12 teaching and learning
Support more STEM focused high schools and districts
Connect school districts with local, regional and national resources

•
•
•

Target goal(s)

118

Undergraduate

Undergraduate

Undergraduate

9

110

High school to
college (transition/
bridge)

Teacher training
P–12

40

43.1

Teachers professional development
P–12

P–12

P–12

Education level
served

20

150

110

$ Million

Note. The following are abbreviated in this table: local education agency (LEA), institute of higher education (IHE), nonprofit organization (NPO), and Hispanic-serving
institution (HIS). Total FY15 budget for STEM education = $600.1 million. Total FY15 budget (mandatory + discretionary) for U.S. Department of Education =
$82.3 billion. Total FY15 budget outlays for all sectors = $3,901 billion. Investment in STEM education represents 0.73% of FY15 education budget and 0.015%
of total FY15 budget.
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Pathways

Discretionary
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Minority Science and
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Effective Teaching
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(formerly Mathematics & Science Partnership Program)

Project funding

Competitive
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STEM Innovation
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Upward Bound Math/
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(part of TRIO program funding)

Structure

Program Name
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President Obama’s FY15 Budgetary Investments in STEM Education (ED, 2014; White House, 2014)
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Figure 1. Distribution of FY15 STEM education budget across programs at P–12 and postsecondary levels.

Almost 62%of the proposed STEM education budget for FY15 is aimed toward improving
P–12 STEM teaching and learning (see Figure 1). Figure 2 shows how the funding is distributed
among P–12 STEM education programs. The STEM Innovation Proposal seeks to inject $170
million of new funding to train STEM teachers and improve STEM learning at the K–12 level (ED,
2014). The key programs of this proposal include STEM Innovation Networks, STEM Teacher
Pathways, and a National STEM Master Teacher Corps. STEM Innovation Networks will
provide competitive awards to educational agencies (LEAs) in partnership with institutions
of higher education (IHEs), nonprofit organizations, other public agencies, and businesses to transform STEM teaching and learning by accelerating the adoption of practices in
P–12 education that help increase the number of students who seek out and are effectively
prepared for postsecondary education and careers in STEM fields. Projects will develop
and validate evidence-based practices . . . and implement them across broader, regional
networks. (p. 1)
The National STEM Teacher Corps program will help transform thousands of excellent
STEM teachers into national STEM teacher leaders who help improve STEM teaching
and learning nationwide . . . . Through participation in the Corps, teachers would . . . [lead
professional development opportunities], identify and share promising practices [in STEM
with other teachers] in [their] schools, districts, and States, [and] participate in . . . STEM
policy forums, while taking on coaching and mentorship roles in their schools and
communities. (p. 1)

The STEM Teacher Pathways program “will provide competitive grants to recruit, prepare, and
place effective teachers in high-need schools” (p. 2).
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Figure 2. FY15 STEM education investments at the P–12 level by target sector teacher training and
professional development and P–12 education.

In addition to this new P–12 STEM Education funding, the FY15 budget includes continued
funding ($150 million) for Effective Teaching and Learning: STEM, formerly known as the
Mathematics and Science Partnerships program (ED, 2014). This will complement the STEM
Innovation Networks program by funding partnerships between schools and institutes of higher
education to” improve teaching and learning in STEM subjects and fields” (p. 2). In 2015,
it will become a part of the STEM Innovation Networks, and “support state implementation of
comprehensive, evidence-based plans; professional development . . . [related to] high-quality STEM
instruction; and for subgrants . . . to support comprehensive STEM instruction in the grades and
schools with the greatest needs” (p. 2).
Almost 46% of the FY15 STEM education budget is earmarked for programs to support STEM
at the undergraduate level and beyond, with emphasis on underrepresented groups, to improve
retention and interest in STEM (see Figures 1 and 3). The Upward Bound Math/Science Program
($43.1 million) falls under the TRIO programs (ED, 2014).
The Federal TRIO Programs (TRIO) are Federal outreach and student services programs
designed to identify and provide services for individuals from disadvantaged backgrounds . . .
[, including] low-income individuals, first-generation college students, and individuals with disabilities[,] to progress through the academic pipeline from middle school to post baccalaureate.
(Office of Postsecondary Education, U.S. Department of Education, 2016, para. 3).

Upward Bound specifically “supports projects designed to prepare high school students from
disadvantaged backgrounds for postsecondary education programs that lead to careers in the fields
of math and science” (ED, 2014, p. 2). The Minority Science and Engineering Improvement Program
($9 million) is aimed at “predominantly minority institutions to make long-range improvements in
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science and engineering education and to increase the participation of underrepresented ethnic and
racial minorities in scientific and technological careers” (p. 2). The Hispanic-Serving Institutions
STEM and Articulation Program ($100 million) “is designed to increase the number of Hispanic
and other low-income students attaining degrees [in STEM fields] and to develop model transfer
and articulation agreements between 2-year and 4-year HSIs [institutions of higher education] in
such fields” (p. 2). The FY15 budget also includes funding to the National Science Foundation
($118 million) toward improving STEM education at the undergraduate level (Executive Office
of the President of the United States, Office of Management and Budget, 2014, p. 143). Specific
goals include retention of undergraduates in STEM fields and improved teaching and learning in
STEM subjects.

Figure 3. FY15 STEM education investments at the postsecondary level.

These investments are intended to fuel the STEM pipeline, which should ensure a steady
supply of STEM workers and a STEM-literate populous. The country needs high-level researchers
and innovators, but it also needs technicians and citizens who are able to function effectively with
newer, ever-changing technologies.
Return on STEM Education Investments
With any investment comes an expected return on investment (ROI). For STEM education,
the anticipated ROIs include improved P–16 STEM instruction and learning, increased youth
engagement in STEM in academic and informal settings, greater retention of students in STEM
through post baccalaureate levels, increased participation in STEM from traditionally underrepresented groups, and a generally more prepared and effective STEM workforce.
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The largest investment within the STEM education portfolio, equivalent to 54% of the overall
STEM education budget (Figure 1) or 88% of the P–12 STEM education budget (Figure 2), is
to improve P–12 STEM instruction and teaching. The relative investment implies the perceived
highest impact and importance of these areas. President Obama has promised “100,000 excellent
new K-12 STEM teachers by 2020” (National Science and Technology Council, Committee on
STEM Education [NSTC], 2013, p. 9) and funds to support existing STEM teachers. Teacher
training will be funded through STEM Innovation Networks, STEM Master Teacher Corps, STEM
Teacher Pathways, and the Effective Teaching and Learning: STEM programs, and development of
effective STEM pedagogical approaches will be funded through STEM Innovation Networks and
the Effective Teaching and Learning: STEM program (ED, 2014).
In the short-term, the forecasted return on this investment will include more individuals
incentivized to teach STEM and attend STEM teacher prep programs. This would include
new teachers (recent high school or college graduates) as well as workers in STEM industries.
More STEM-focused teacher training programs like the National Math and Science Initiative, a
rigorous hands-on STEM teacher training program, are anticipated, as well as joint undergraduate
degree programs that train students in STEM fields while providing teacher training. For example,
Virginia Tech offers a Mathematics Education option through the Department of Mathematics,
which is a 5-year program leading to a BS in Mathematics after 4 years and an MA in Teaching &
Learning after 5 years (Virginia Tech, n.d.). “The program is designed to prepare future teachers
of mathematics in secondary grades 6 - 12” (para. 1). Similar UTeach programs are rapidly being
introduced in universities across the country, including Drexel University, Florida International
University, Oklahoma State University, the University of Alabama at Birmingham, and the
University of Maryland at College Park (Bidwell, 2014) that simultaneously award undergraduates
with STEM degrees and teaching credentials. The end result will achieve the goal of producing
more teachers with advanced training in STEM fields.
More active STEM education research and evaluation will be needed to build evidence of
promising practices and program effectiveness. Universities are likely to be the initiators and
leaders in this endeavor because they have the infrastructure and personnel to conduct such
evaluations, but partnerships with the private sector and industry leaders and school systems
are also likely to form. Small-scale programs and modules will be designed based on existing
successes and pilot tests will be used to assess effectiveness. The most likely format will be
informal learning environments such as after school programs, summer camps, and interactive
museum exhibits. Successful programs already in place, such as the Virginia Initiative for Science
Teaching and Achievement in Virginia (VISTA), FUSE: Interest Driven STEAM Education, and
CREATE (Creating Relevant Education in Astronomy Through Experience), will likely focus on
assessment to produce evidence of their success before broader scale implementation.
In the midterm, with the introduction of the $20 million STEM Master Teacher Corps, it is
likely that a more concerted and intentional introduction of STEM programs throughout schools
will occur with potentially faster responses to new STEM educational developments (teaching
methods) and initiatives because schools will have access to an expert coordinator and leader in
STEM who is part of a nationwide network. STEM teachers will also have better opportunities
for professional development through these Corps teachers, ensuring up-to-date instructional
approaches and the possibility for being inventive and creative because the Corps teachers would
be assigned on the smaller scale (county, district, or school) and would have more autonomy
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to implement ideas at this scale. Teachers in this regime are more likely to feel like they are a
contributing part of a network and, therefore, more important and valued, which is critical to
improve retention rates in STEM education.
Increased availability of STEM professional development opportunities through the STEM
Master Teacher Corps and the Effective Teaching and Learning: STEM program, which are
designed to continually improve instruction and expose teachers to new approaches in teaching,
would keep teachers motivated and interested as well as empowering them to try new things. This
would lead to better instruction, interested students, and higher quality learning. Ultimately, it will
also lead to STEM teacher retention.
The development and testing of evidence-based STEM instructional approaches on the small
scale, in individual schools or districts, or through informal learning venues are anticipated to
prevail in the midterm with support from the Effective Teaching and Learning: STEM program.
Many successful STEM education programs already exist, and resources such as the NSF-funded
Center for Advancement of Informal Science Education website (www.informalscience.org) make
searching for projects, reference materials, and evaluations easy. The new funding and focus on
innovation provides an opportunity to test creative programs in mainstream classrooms. This could
be an exciting time for the STEM classroom, when some truly innovative approaches could be
tested and proven effective enough to become permanent. With the added importance of finding
effective STEM educational strategies, this implies that greater class time might be devoted to
these subject areas, which will be a challenge in the midst of the NCLB math and language arts
focus.
As evidence-based practices for STEM teaching are validated, they will be introduced in
broader settings or scaled up at the national level and will then be subjected to further validation
and assessment. President Obama’s goal is to get effective instruction into the classroom quickly;
therefore, after methods are proven, we presume that they will be rolled out quickly with less lag
time between phases. The broader introduction of effective approaches will lead to consistency in
STEM instruction at the regional level.
In the long-term, the $40 million STEM Teacher Pathways program will ensure that high
quality STEM teachers are placed in all schools across the nation, especially high-need schools,
and expand effective STEM instruction. STEM education will become a regular part of the P–12
educational landscape, sharing equal importance with math and language arts. Schools will
have dedicated STEM teachers and possibly even STEM centers. Meaningful STEM education
practices will spark the interest of younger students, making them want to continue in STEM and
prepare them for higher level math and science in high school. More students will be interested in
pursuing STEM fields or majors at college.
A complete revamp of STEM education, including assessment, and a greater focus on interventions that work is to be expected. After further validation at the regional level, accompanied
by increased funding, states will implement comprehensive, evidence-based plans for STEM
education. Truly successful approaches will have the potential of being introduced even further
afield, with the help of the STEM Master Teacher Corps. This will be supported by continued
assessment of existing and research into additional effective STEM teaching approaches.
With improved opportunities and quality of STEM instruction, we anticipate that more
students are excited about STEM and pursuing higher level math, technology or engineering, and
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science courses in high school. This would lead to more students graduating high school and
community college with STEM life skills and more students choosing STEM tracks or majors
in post-secondary technical training programs, community college, or college and persisting to
degree termination. This will result in more students possessing technical skills, which would
enable them to work at all levels of STEM workforce from technicians to researchers. With more
students making it through the pipeline, the ultimate realization should be more students choosing
STEM careers after completing training or schooling.
One of the President’s goals is to increase youth engagement in STEM with “a 50 percent
increase in the number of U.S. youth who have an effective, authentic STEM experience each
year prior to completing high school” (NSTC, 2013, p. 9). Considering that STEM is not currently
a mainstay in many classrooms, particularly at the elementary level, this should be attainable.
Funding to support this will primarily come from the STEM Innovation Networks program ($110
million). In the short-term, schools and private entities will likely offer more informal STEM
learning experiences, particularly after school and as summer camps. These can be introduced
quickly without navigating the bureaucracy associated with mainstream education. Based on
funding structures, it is expected that there will be more collaboration between schools and private
or industry leaders to develop programs to reach a broad array of students and provide a variety
of STEM experiences. With improved instruction and access to STEM, we anticipate that, in the
mid- to long-term, more students will take higher level math and science classes in high school,
which will prepare them for STEM majors in college or working in STEM fields after high school.
Another of the President’s goals is to “graduate one million additional students with degrees
in STEM fields over the next 10 years” (NSTC, 2013). At the undergraduate level, with greater
exposure, generated interest, and preparation in high school and more incentives to pursue STEM
degrees (including financial assistance for qualified college students who choose to pursue STEM
majors), greater student enrollment in community college STEM courses and undergraduate STEM
majors is anticipated. With funds available to bolster bridges between 2- and 4-year institutes of
higher education, we should expect to see growth in the community college sector, which would
then feed more STEM students into 4-year institutions. Colleges at large will likely offer more
remedial courses to ensure student success and retention, which is critical considering that currently
“only 43 percent of students entering as a STEM major in a four-year university graduate with a
STEM degree. Worse, only about 14 percent of community college students who declare a STEM
major on entry are still in a STEM field at the time of their last enrollment” (NSTC, 2013, p. 10).
In addition, cocurricular activities (such as learning communities and summer bridge programs)
and internships, research, and other more applied, real-world applications will likely become more
mainstream to support proven “pedagogies, curricula, instruction materials, peer or mentors and
other academic and cultural supports, resources, and tools to engage students in the classroom
and support their learning” (NSTC, 2013, p. 27). With these interventions, we should expect to
see more postsecondary students persisting to graduation with STEM degrees, “increasing the
retention of STEM majors to 50 percent would generate approximately three quarters of the
targeted one million STEM graduates over the next decade” (NSTC, 2013, p. 27).
Renewal and development of vocational training programs, such as those offered through
community colleges, will result in more associate degree and certificate holders with life skills and
technical skills which will enable them to fill technical positions. “A recent NSF report found that
two-thirds of workers with science and engineering degrees are employed in positions that are only
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somewhat or not at all related to their educational expertise” (DOL, 2007, p. 5). By increasing the
number of STEM literate and competent graduates, we will produce more qualified individuals
available to satisfy STEM workforce needs.
A largely untapped resource in STEM is the historically underrepresented population in STEM
fields, which includes women, ethnic minorities, and low-income students. “Women make up
nearly half of the total workforce, but they constitute only 24 percent of STEM jobholders” (NSTC,
2013, p. 32). “Ethnic and racial minority groups are projected to become America’s majority in the
next 30 years. Currently, however, they account for only 28 percent of STEM workers” (p. 32).
To achieve a million STEM graduates in 10 years, these underserved populations must be tapped.
Upward Bound, which targets students in this demographic, has proven to be such a successful
national program that it receives separate government funding ($43.1 million; ED, 2014). In the
short-term, we should expect to see a rise in the localized programs offered that specifically target
underserved groups to introduce them to and get them interested in STEM. For example, the
comprehensive pre-engineering program offered at the University of Akron, which offers underrepresented high school minorities, targeted hands-on learning experiences, tutoring, mentoring,
access to STEM professionals, bridge programming, and other support until college entrance
(Lam, Srivatsan, Doverspike, Vesalo, & Mawasha, 2005). During the reporting period, 94% of
program participants attended college, and 66% pursued STEM majors (Lam et al., 2005).
In the mid-term, based on program support and the anticipated increase in retention rates, more
students from disadvantaged backgrounds will become interested and prepared for postsecondary
STEM programs that lead to STEM careers, ultimately resulting in an increase in the number of
underrepresented ethnic and racial minorities and low income students attaining degrees in STEM
and pursuing scientific and technological careers. With increased numbers of underrepresented
minorities working in STEM fields, we anticipate that those communities will become more
supportive of such pursuits, students will be empowered by role models, and any stigmas associated
with STEM will be removed, thereby encouraging more underrepresented minorities to pursue
STEM.
Integrative STEM Education and Return on Investment Expectations
Full-scale involvement of teacher educators, community college educators, administrators, and
most importantly P–12 practitioners is necessary to realize the goals and ROI expectations set
forth by the President and Congress. Utilizing evidenced-based school models, building amenable
teacher preparation programs, ensuring equitable access for students, and promoting student
engagement and aspirations will prove to be a cooperative effort beginning with meaningful
educational structure and classroom experiences. School-based integrative experiences provide
for purposeful, authentic, experiential, and active learning within STEM education (McCulloch
& Ernst, 2012). “Integrative STEM education signifies the intentional integration of science and
mathematics with the processes, content, and procedure of technology and engineering education
(Sanders & Wells 2010)" (McCulloch & Ernst, 2012, p. 13). Though there is an apparent need for
opportunities for students to participate in integrative STEM education experiences, designing
such experiences for classroom use, however, is quite difficult. This difficulty arises from imposed
school parameters pertaining to format, sequencing, and subject-specific examinations. Although
significant STEM learner progressions are well documented in integrative and experiential
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formats (Clark & Ernst, 2010; 2013; Ernst & Clark, 2010; Hansen & Gonzalez, 2014), adoption
and incorporation of integrative practices are vastly underutilized at the expense of learning.
Fortunately, through prioritization and investment resource, integrative practices are gradually
becoming more prevalent. This ultimately builds student acclimatization that is reflective of
authentic STEM practices while building problem-based habits of mind, applied skillsets, as well as
content and process knowledge. The proposed STEM Innovation Networks encourage innovation
and improved teaching methods, with a fast track to implementation for proven pedagogies. In
addition, the FY15 discretionary budget for the U.S. Department of Education (Executive Office of
the President of the United States, Office of Management and Budget, 2014) includes investments
in “a new program to redesign high schools to focus on providing students challenging, relevant
learning experiences” (p. 23) that teach students real-world skills, which can arguably be provided
through an integrative STEM curriculum, and “create more innovative schools that personalize
teaching and learning for students” (p. 67). This is an opportunity for integrated STEM education
to become part of mainstream education.

Figure 4. Comparison of FY15 budgets: the total U.S. budget, the U.S. Department of Education budget,
and the STEM education budget.

Conclusions and Implications
As STEM educators, we will be held responsible for engaging and inspiring students in
STEM areas and providing them with effective instruction. Along the way, we will develop
more meaningful accountability, stronger and more cohesive infrastructure for delivering STEM
education, and more coordinated STEM programs. With more cohesion we could expect to see cost
savings, leveraging of resources, assets and information, reduced duplication, shared resources and
information, faster reaction time and implementation times. The public will then better understand
what STEM means and value its importance and place in the educational system.
STEM education is constantly highlighted as a critical area of education that will determine
the future global positioning of our country. The purported importance and acclaimed monetary
support for STEM is particularly encouraging for educators in these areas. After all, the government
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has placed STEM education in the spotlight and proposes spending $600.1 million to improve its
delivery across the educational spectrum. This is definitely a good start, but, as shown in Figure
4, this “priority” funding represents less than 1% of the U.S. Department of Education budget and
only 0.015% of the country’s overall budget (White House, 2014).
Some difficult questions need to be asked that will greatly affect the immediate and long-term
future of STEM education: Is the trajectory of proposed funding enough to train 100,000 qualified
and effective STEM teachers in the next decade? Will this be adequate in assisting STEM educators
to graduate one million new STEM professionals armed with the skills necessary to be successful
in the 21st century? Is the funding in line with the implied value and importance of these goals and
the means to achieve them? Is STEM education truly a priority in the United States? The answers
to these important questions have vast implications on the overall outlook of a nation.
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Variations in the Intensity of Specialized Science, Technology, Engineering, and
Mathematics (STEM) High Schools
Colby Tofel-Grehl
Utah State University
Carolyn Callahan
University of Virginia
Abstract
Educators and policymakers in the United States advocate the development of
specialized STEM (science, technology, engineering, and mathematics) schools, but
little is known about the unique features and practices of these schools. Because no
meaningful differences have been found attributable to model type (Tofel-Grehl &
Callahan, 2014), the current study purposefully sampled 6 specialized STEM schools
in the United States that provided different levels of STEM experiences for students
related to highly varied goals and missions using a grounded theory approach. Schools were
found to fall into two categories, high and low STEM intensity, based on five
major traits. Schools categorized as “higher STEM intensity and focus” had students
who reported a stronger interest in a future STEM career, offered substantially more
high-level STEM classes, and retained a faculty with a higher number of terminal area
content degrees compared to schools categorized as “lower STEM intensity.” Although
there are significant common themes and programmatic themes and features among different
STEM schools, substantial differences exist between the nature and intensity of the STEM
experiences of schools. Categorizing STEM schools into higher and lower STEM experience
intensity provides a useful mechanism for examining those differences. Students in schools
with a higher STEM intensity appear to spend more time on the “doing” of science.
Keywords: Classroom practice; School culture; STEM schools

With increased attention to STEM education has come increased funding for and focus on
specialized STEM schools. However, all schools are not created equal; variations in implementation
and mission may affect student experiences at these schools. Insights into and understanding of
factors that meaningfully differentiate across STEM schools and what makes them successful is
key to better understanding any differences in student outcomes. The purpose of this article is to
explicate and explore observed variations across specialized STEM schools.
STEM Schools Defined and Described
What Is a STEM School?
No current curricular or programmatic standards currently exist for establishing a specialized
STEM school. Common features of specialized STEM schools are amorphous and are based on

33

Vol. 51 No. 1, Spring 2016

Journal of STEM Teacher Education

the mission statements and descriptions of the top-ranked schools. Neither state departments of
education nor professional organizations such as the National Consortium of Specialized Secondary
Schools in Mathematics, Science, and Technology (NCSSSMST) have established program or
curricular guidelines for schools calling themselves STEM programs. NCSSSMST argues that
curricular decisions need to be determined by schools alone (Hutchinson & Warshaw, 2011).
Hence, course offerings, as well as the goals and length of research experiences, vary as widely
as the school demographics do (e.g., Dearborn Center for Mathematics, Science, and Technology,
2011; Massachusetts Academy of Science and Technology, 2011; Stuyvesant, 2011).
One unique feature of specialized STEM high schools that NCSSSMST does articulate is
the systematic involvement of students in meaningful research. However, what makes research
experiences meaningful is unclear. For some STEM school educators, meaningful research is
any research that focuses student learning on the scientific process. Other STEM educators more
narrowly define the research experiences as a pure inquiry process, which applies real-world
problems in a professional laboratory setting (Hutchinson & Warshaw, 2011). When these two
definitions are applied across schools, the implementation of school research programs results in
highly variable student experiences.
Types of STEM Schools
For a more complete explanation of various model types of STEM schools refer to
Tofel-Grehl and Callahan (2014) or Thomas and Williams (2009). However, briefly, there are
roughly five different school models frequently employed for specialized STEM schools.1
Common model types include school-within-a-school model, pullout programs, stand-alone
schools, residential schools, and university-based schools. Each model type possesses unique
programmatic features; however, model type has not been observed to be a key variable affecting
student learning opportunities (Tofel-Grehl & Callahan, 2014). It bears noting that model types are
often not entirely independent; often schools employ mixed model types to best develop a unique
learning experience. For example, the Louisiana School for Math, Science, and the Arts provides a
hybrid residential- and university-model experience in which students can attend local university
classes while living in a high school residential setting.
Current Research
Currently several studies are in process regarding the workings and outcomes of specialized
STEM schools. Research in the area falls into two categories: (a) student reflections on the
impacts of their school experiences on their decision making and (b) measuring specialized STEM
school outcomes (Sullins, 2010). Interviews with college freshmen and seniors who previously
attended a specialized STEM high school indicated that as many as 50% of students reported
intended to, or had already, declared a STEM major during their college experience (Thomas &
Love, 2002). Studies using survey data also indicated that students graduating from specialized
STEM schools also reported higher frequencies of declaring STEM area majors (Subotnik, Tai,
& Almarode, 2011). During college, these students reported that attendance at a specialized high
school impacted their decision to seek a higher education degree in a STEM field (Subotnik, Tai,
1
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Rickoff, & Almarode, 2010). Franco, Patel, and Lindsey (2012) reported that students from STEM
schools demonstrated higher interest in STEM careers during career planning exercises than their
non-STEM-school counterparts. Work focusing on student perceptions, up until now, presumes
students’ ability to correctly retroactively explain prior decision-making processes and impacts;
however, research indicates that self-report data of this type is not entirely accurate (Bowman, 2010;
Ericsson & Simon, 1993).
Limited research assessing predictors and outcomes of specialized STEM schools document
that the best predictor of performance is academic achievement at previous schools attended
(Feldhusen & Jarwan, 1995) and that students in some STEM programs exhibit small performance
increases in mathematics and science compared to students in non-STEM programs (Young et al.,
2011). Examining school culture, Rhodes, Stevens, and Hemmings (2011) reported that a STEM
school environment resulted in perceptions of students’ social and intellectual growth. Meaning
from other research on outcomes is difficult to unpack. Although it appears that STEM schools may
create more STEM degree seekers, none of the current research decouples the impact of students’
prior interest, an observed predictor of future STEM degree attainment, from the programmatic
impacts of specialized STEM schools. Further, research on STEM schools is either focused on one
school or is based on data across STEM school types without attention to how the many different
STEM school models, curricula, goals, or other characteristics may yield differential outcomes. A
first step in documenting how schools might differentially impact outcomes is to examine the array
of STEM school options to discern patterns of commonalities and differences upon which future
research would base hypotheses of differential outcomes. A recent report from the National Academy
of Engineers focused on integrated STEM education for facilitating the best learning outcomes
in STEM classes through meaningful research opportunities and other integrated approaches
(Honey, Pearson, & Schweingruber, 2014). However, even with a compelling argument regarding
the value of such integration-driven approaches, a clear delineation of the programmatic
implementations within specialized STEM schools remains unexplored.
Research Questions
As noted above, common themes across specialized STEM schools are evident and are not
differentiated by model type (full-time residential, pullout, full-time nonresidential or university
based; Tofel-Grehl & Callahan, 2014). Yet, there were differences across schools, so the next
apparent step was to attempt to discern ways in which the schools might differ according to other
categorization schemes. Therefore, the following research questions were posed:
1. If model type is not a significant variable in the distinguishing features of STEM schools,
is there another schema for describing the differences between STEM Schools?
2. Do schools differ in the types and intensity of the STEM experiences offered to students?
3. Do students from these potentially different categories of schools report different
intentions towards STEM careers?
Methods
This study employs grounded theory in order to discover emergent themes from the collected
data. Data sources include classroom observations, field notes, teacher focus groups, student
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focus groups, administrator interviews, and review of program websites and documents at each
of six purposefully sampled specialized STEM schools. Each site included in the study provided
the research team full and open access to observe STEM area classes and to interview teachers
and students over the course of 2-day site visits. Oversight for this study was provided by the
Institutional Review Board under protocol 2011012100.
After the semistructured interviews and focus groups were transcribed, the transcripts and
observational field notes were coded along common lines. Codes were grouped along similar
concepts to form categories from which themes were derived. From the coded observations,
interviews, focus groups, and documents, five categories appeared to be interrelated. A typology
(Smith & Krogstad, 1988) was conducted to classify observations by the five attributes identified
through the iterative coding process implemented in grounded theory. This process allowed for the
structuring and organization of the observational data into the classifiable categories.
Sampling
Prior to selecting sites for inclusion in the study, we conducted a comprehensive search
of all STEM schools in the United States. Using the member list of the NCSSSMST as a
base list, we had searched each state’s department of education website to isolate and identify
schools not already included in the 142 member schools of NCSSSMST. This search led to
the discovery of 216 additional schools. When Internet resources were not thorough enough to
substantiate a school’s interest in STEM education, phone calls to administrators determined the
educational goals of the school. From this more complete list of 358 schools, six schools were
selected for inclusion. In selecting each site for inclusion in the study, diversity of model type
(full-time nonresidential, full-time residential, part-time pullout, university affiliated), geographic
region (Northeast, Southeast, Midwest, South, Southwest, Northwest), enrollment size (< 300,
300–599, 600–899, 900 +), and admissions criteria (selective or open admission) was sought.
Site descriptions. Schools selected for participation in the study were chosen to maximize
diversity across four criteria: geographic location, school model, admissions criterion, and size.
Additionally, in order to focus on the schools that prior research implies produce high percentages of
STEM workforce, this study focused on specialized STEM high schools. High school populations
fit our research questions most directly. Each of the sites visited offered a window into a different
model type and school community; some schools were hybrids of model types, taking features
from multiple models. Several of the schools visited served only 11th and 12th grade students for
a variety of reasons such as model implementation and budget. Profiles relevant to site selection
are displayed in Table 1. All site names and locations have been given pseudonyms to prevent
identification. For more extensive descriptions of the sites, please refer to Tofel-Grehl and Callahan
(2014).
Located in a major northeastern city, Johnson Technical High School (JTHS) is located in
a highly centralized urban location. Admissions are highly competitive; the admissions process
uses the citywide examinations set forth by the city Department of Education for magnet school
admission. JTHS is a full day specialized STEM school with no university affiliation.
The Academy for Science and Mathematics Education (ASME) is a southeastern, rural
program representing a pull out program model with competitive admissions criteria for local
high performing students. Admission is based on teacher recommendations, prior standardized test
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scores, transcripts, and essays.
Table 1
Site Demographics
School

Geographic
location

Community
served

Admissions
process

School model
type

Johnson Technical High School

Northeast

Urban

Restricted

All-day
magnet

Academy for Science and
Mathematics Education

Southeast

Rural

Restricted

Partial-day
magnet

West

Suburban

Open

School within
a school

Southwest

Urban

Restricted

All-day charter

Lockheed Academy for Science
and Technology

Midwest

Suburban

Restricted

Residential

Technical Academy for Science
and Mathematics

Southeast

Rural

Restricted

University &
residential

Engineering and Mathematics
Day School
Southern School for Gifted
Science Students

The Engineering and Mathematics Day School (EMDS) is an urban school that offers one
of the few STEM programs in the nation with open enrollment policies. EMDS is located in the
western United States. Students need only submit their names to be entered into the admissions
lottery Students entering the program vary from high performers to those with significant below
grade level abilities. EMDS is a full day school that partners with the local state university.
The Southern School for Gifted Science Students (SSGSS) is a Southwestern school located
in an urban setting, but it draws students from several suburban communities. Using highly
selective admission criteria, SSGSS seeks to admit high-performing students from a wide array of
socioeconomic backgrounds. Test scores and prior achievement drive admissions’ decisions.
A midwestern school drawing students from the suburbs of a major city, Lockheed Academy
for Science and Technology (LAST) also uses exclusive admissions criterion such as prior academic
achievement, standardized test scores, and teacher recommendations. LAST is a residential
program, with all students living on campus in dormitories under faculty supervision.
The Technical Academy for Science and Mathematics (TASAM) uses exclusive admissions
criteria as well. Located in the Southeast, TASAM is rurally located but draws students from around
the entire state while working in conjunction with the state university. TASAM is a residential
program, so students live together during the academic year.
Data Collection
Four types of data collection were implemented at each site: classroom observations, teacher
focus group interviews, student focus group interviews, and administrator individual interviews.
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Two observers from the research team visited each of the six sites to make observations and conduct
interviews. At all six sites observational data was collected in mathematics and science classrooms.
In addition, whenever possible, technology, engineering, and research classes were observed. At
each site, researchers observed biology, chemistry, physics, trigonometry, geometry, calculus,
and precalculus classes unless such classes were not offered. If target courses were not available,
researchers sought the next closest level taught at the school. Other high-level mathematics and
science classes were observed as scheduling permitted. Researchers conducted observations in
the same classroom during the same time period until observational consistency was established
between team members.2 Observers focused on teachers’ instructional practices and the learning
environment within classrooms.
Focus groups were conducted with students at five of the six sites; students were not available
at the sixth site due to scheduling. Teachers also participated in focus groups at all six sites.
Administrators were not present during focus groups and participants were assured that comments
would be held in confidence. Additionally, at each site, one administrator was interviewed for
approximately 60 minutes. All interviews and focus groups were conducted using semistructured
project protocols. Students were selected for focus groups by the teachers and administrators at
their school. Researchers requested that all STEM area teachers be invited to participate in teacher
focus groups.
In addition, documents were collected whenever possible. Researchers requested a range of
documents focused on school-wide administrative policies surrounding admissions and faculty
hiring decisions; however, not all schools provided these documents. When formal documents
were not available, many schools referred us to the school’s website where policy information
was publicly kept. All teachers readily provided their class handouts and several offered copies of
lesson plans.
Analyses
Through analytic induction (Erickson, 1986), the researchers integrated the perspectives
of multiple informants within and across data collection sites. Collected data were synthesized
and holistically analyzed to derive themes for the phenomena observed. Emergent themes were
identified and grouped along common lines of thought from which assertions were made. These
themes were validated through both member checking and iterative review of data for disconfirming
evidence that could point to an alternate explanation of the observed phenomena. For example,
some participants ascribed great importance to student performance on standardized assessments,
but further discussions with others reflected a more nuanced differentiation between upholding
the prestige of the school and the perceived value of the assessments themselves, which were
considered to be limited in scope and depth compared to the schools’ curriculum. Consideration of
all data—field notes, interview and focus group transcripts, and collected policy and instructional
documents—were incorporated into a cross-case analysis, which identified the most salient variable
for classifying uniqueness across the spectrum of STEM school: intensity of engagement with
STEM content by members of the school community.
Analysis was done in multiple phases. The first phase of analysis sought to explore
2

The administration at Johnson Technical High School, the first school visited, also requested that both
research team members conduct observations within the same classes, thus making it ideal for doing joint
observations.
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possible novel ways for categorizing the differences between STEM schools beyond model type.
Through iterative data analysis, a loosely structured schema emerged from the data revealing that
STEM schools appeared to vary greatly in the intensity of the STEM experiences and courses
offered. From these initial findings, further deep analysis was done to explore the ways in which
these differences in STEM intensity manifested in the observed schools and classes. Disconfirming
evidence was sought rigorously throughout all stages of analysis.
Validity Criteria
As a means of strengthening the validity of the analyses, several steps were explicitly taken to
address potential bias. Because no one method or source is infallible (Erickson, 1986), multiple
data sources were used to triangulate findings. Classroom observations were made at all six sites
by two independent observers. Observers jointly observed at initial sites, and those field notes were
compared for fidelity of observations. Whenever possible, all assertions were member checked
with participants; however, member checking with students proved challenging due to schedules
and access and, therefore, was not as complete.
Findings
Although school model type was not found to be predictive of the types of experiences
available at specific STEM schools or the attitudes of the students and faculty (Tofel-Grehl &
Callahan, 2014), there appeared to be substantial differences in the level of intensity of STEM
experience and focus within schools. It is important to note that higher STEM intensity does not
mean better STEM experience. The noted differences in intensity are not intended to argue for
or against a specific type of STEM experience; no value judgment regarding what intensity of
STEM experience is better or more effective for student learning is offered. Rather, the level of
intensity indicates only a difference in the intensity of the program and STEM experience offered
to students, not in the quality of the STEM experience.
High-Intensity STEM Schools and Programs
Those schools that emerged as high-intensity STEM schools were characterized by: a
disproportionately high percentage of STEM faculty relative to other departments3 and a notably
greater number of courses offered in STEM departments relative to other departments in the school
or program.4 The high-intensity schools observed defined themselves as holding an exclusive
STEM focus. Their missions identified their goal as developing the next generation of STEM
contributors. Several of these schools acknowledged that they screen potential students for a stated
personal goal of a STEM career. For example, one administrator stated “look, we can’t say we
exclude kids who don’t write about wanting to be a scientist or engineer, but that is how it works.”
(Lockheed administrator interview).
3

Partial day programs could be deemed low-intensity with all STEM faculty because these schools did not
offer classes in non-STEM areas. Therefore, this criterion was not considered in the classification of these
schools.
4

This factor was not considered in the classification of the partial-day program observed because no other
classes were taught.
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For the most part, these high-intensity programs were located in urban areas proximal to
large institutions of higher learning; these locations allowed for schools to draw from a very large
applicant pool and admit students with very high scores on admissions criteria. These schools
cultivated relationships with the universities nearby, allowing their students access to university
faculty and other resources. One of these was an exception to the urban trend; however, even
though it was located in a rural area it was in near proximity to the university with which it worked.
This school drew from its entire state for its applicant pool, thereby having relatively the same size
applicant pool as other high-intensity schools.
For example, at Johnson Technical High School, of the 157 staff and faculty members assigned
to departments, 75 are members of the biology, physical science, or mathematics departments,
with the remainder spread among six other departments. STEM disciplines and STEM goals were
clearly central to the mission statements. A high-intensity school mission statement might state:
“We serve the community, providing the highest level of science, mathematics, and technology
education possible. With a history of producing Nobel Laureates and STEM industry leaders, our
faculty provide students with advanced level courses in mathematics and science.” 5
Low-Intensity STEM Schools and Programs
In contrast, the environments of other programs were less intense and less driven by a focused
STEM mission. In these low-intensity STEM schools, statements in documents and on websites
and statements from administrators described their STEM mission as less central to the school’s
identity. Often, STEM experiences were part of a larger mission rather the primary focus of the school.
These differences in goals reflected nuanced differences in culture. The STEM mission served as a
means to an end in terms of focus and funding. A low intensity school mission statement might state
“In seeking to best prepare our students for collegiate success, our school offers opportunities for
students to extend their knowledge beyond the typical high school curriculum, particularly into the
worlds of technology, math, science and engineering.”
STEM programs observed to be of lower intensity were most frequently located in suburban
or rural settings and did not offer as many courses within STEM fields as their urban counterparts.
These schools tended to be smaller and served significantly smaller populations than their higher
intensity counterparts. Additionally, the students at these schools reported a lower level of interest
in getting a higher education degree in a STEM-related field. Of particular interest in considering
these schools was the focus and value placed on STEM by the school administrators. These school
administrators voiced other parts of their school mission that were a higher priority. These schools
also presented less rigid and competitive admissions procedures with a stated willingness to take
some lower performing students.
Common to both high STEM intensity (HSI) and low STEM intensity (LSI) programs were the
types of courses and tasks offered. In addition to course content levels being comparable, the tasks
and problems observed within HSI and LSI classes were also equivalent. This parity reinforces
the notion that intensity of STEM experience is not inherently related to the quality of the STEM
experience.
Using the categories described above (differences in intensity levels) data from
observations and interviews were examined to classify each school as HSI or LSI and to
examine the five key features that emerged as distinguishing features of these categories:
5

In order to protect the identity of participating schools, conglomerate missions statements were created.
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length and type of research experience, number and variety of STEM courses offered compared
to non-STEM courses, the number of faculty with terminal degrees in STEM disciplines, the level
of interest expressed by students in obtaining a degree in a STEM field upon graduation, and the
atmosphere of classes. Three of the schools visited were deemed high intensity, and three were
deemed low intensity.
Research Experiences
Research experiences for students were available across all schools, regardless of level of
intensity. However, HSI and LSI schools differed in terms of the length of these experiences, the
autonomy that students were given, and the extent to which the research addressed unresolved
scientific questions or focused more on learning the process of research by addressing phenomena
that are already well understood in the scientific literature.
Range of STEM Courses
Additionally, all schools offered a range of STEM courses, but the number and variety of the
courses offered differed by intensity. For example, at TASAM, of the 37 unique STEM classes
offered, nearly 90% of them are college level. Courses such as advanced biogenetics and organic
chemistry are available to students annually to provide students with a university level knowledge
base. Teachers at TASAM report that they teach all courses except AP level classes at the college
level; observations corroborated these teacher statements. In comparison, EAMA, which offers 31
separate STEM area classes, only teaches about 30 percent of them at the college level. The teachers
at EAMA report that the variation of course level is due to the differences in skills of students
within the school. With an open lottery system for admission, EAMA teachers and administrators
report highly variable student skills upon entrance. The courses offered reflect those variable skills,
with several remedial mathematics classes being taught.
In terms of the quality of the courses offered, no qualitative difference was noted between
courses at HSI and LSI schools. The instruction observed at all schools was of a high caliber.
Both types of schools offered non-traditional courses in mathematics and science such as discrete
mathematics and organic chemistry. All schools offered advanced course offering covering a wide
range of topics. The intensity of course offerings appeared common to all schools, but HSI schools
offered substantially more of them.
Faculty Characteristics
Both HSI and LSI schools had faculty with degrees in the content area taught; however, the
level of the degree held as well the number of terminal degree holders varied by intensity. HSI
school teachers’ percentage of terminal degree holders ranged from 47% to 85%, whereas LSI
school teachers’ percentage of terminal degree holders ranged from 0% to 83%.
Student STEM Interest
Interest in future STEM careers expressed by students in the focus groups broke down along
school intensity lines.
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Classroom Atmosphere
The atmosphere of classes presented differently in HSI schools compared to LSI schools; both
the tenor and the pace of classes showed differences in the dynamics and atmosphere of the schools.
Table 2 displays the relative findings, illustrating differences noted above that could be quantified.
Schools in bold trended towards the more intensive STEM programs, and those in regular type
reflected less intensive STEM programs.
Table 2
Class Types

Time for Research

# STEM
courses
offered

% STEM
Faculty w/
PhD in field

% STEM vs.
non-STEM
faculty

% students
w/ future
interest

Johnson Technical High
School

Multiple Term
Independent Study

78
(vs. 37 non)

85%
(64/75)

48%
(75/154)

89%
(8/9)

Academy for Science and
Mathematics Education

Weekly Research
classes

20

83%
(10/12)

100%a
(12/12)

0%
(0/6)

Engineering and
Mathematics Day School

Senior project

31
(vs. 29 non)

0%
(0/14)

52%
(14/27)

58%
(7/12)

No formal program

57

8%
(2/25)

40%
(25/63)

40%
(2/5)

Lockheed Academy for
Science and Technology

1 day per week

46
(vs. 23 non)

Technical Academy for
Science and Mathematics

Senior Research

37
(vs. 14 non)

School

Southern School for Gifted
Science Students

100%b
61%
(11/18)

69%
(18/26)

73%
(8/11)

This is a partial day program so only STEM area classes are taught there; thus there are no non-STEM
faculty members.
b
It was not possible to conduct a formal focus group at LAST due to scheduling conflicts. Students were
asked about STEM intent in one on one conversations between classes which were not formal. Of the four
students asked, all four stated they intended to obtain degrees in STEM fields.
a

Representative Case Examples
Two representative cases illustrate the differences in intensity observed across the STEM
schools. Following presentation of the cases, a cross-case analysis further articulates the observed
differences in five traits present across the full sample of schools.
HSI Case: Johnson Technical High School
Located in a large Northeastern city, Johnson Technical High School (JTHS) focuses the
majority of its educational resources on fostering the science and mathematics interests of its 3000+
students. Roughly 80% of the students are Asian, 10% are white Caucasian, and the remaining
10% are Black, Latino, or other ethnicities. Over 60% of the students are male. Referring to the
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students as “science-ites,” the school boasts of seven Nobel laureates among its alumni as well as
noted leaders in their fields.6
One of the preeminent STEM magnet schools housed within its city public school district,
JTHS places high value on its science and mathematics courses and the faculty qualifications.
Roughly 85% of faculty members at JTHS possess content area degrees (Master’s or PhD) in the
fields in which they teach. Of the 157 staff and faculty members assigned to departments, 75 are
members of the biology, physical science, or mathematics departments, with the remainder spread
among six other departments. With almost half of the faculty in STEM departments, JTHS is able
to offer 78 different mathematics and science classes. The remaining six departments offer 37
classes in other core curricular areas
Student perceptions. Students described their motivations for coming to JTHS as based on
the reputation of the school. One student stated, “Obviously the history of JTHS is huge. There
are quite a few Nobel Laureates -- in physics at least.” Students stated that they opted to apply for
the specialized STEM magnets schools in the city because the schools “are some of the best in
the city” and because of “the fact that they are specialized and very into science.” Three factors
seemed common contributors to the decision making of nearly all students: (1) a prior interest in
mathematics or science within their home, (2) the intention to pursue a higher education degree in
a STEM field, and (3) an understanding of the skills that they believed would help them succeed
in reaching that goal.
Students noted that their expectations were realized. Of particular note was the recognition by
the students of the large number and variety of STEM course offerings and the ability to experience
the research process prior to attending college. Students agreed universally that the number of
courses offered in STEM subjects combined with the number of AP courses available allowed
them to “have so much variety, not only in terms of science where we can dip our feet in biology,
chemistry, or physics” but also into higher level areas of science such as organic chemistry. One
student with a family member who teaches chemistry in a different location noted, “When I told
her [the chemistry teacher] how many AP courses they took here, she was blown away. There is
just so much variety, so many things you can go into.”
Additionally, students shared their perceptions about their research experiences. Research
experiences at JTHS were viewed by students as intense and highly beneficial. Students described
a large range of experiences as part of their research training. For example, one student described
the multiyear project that he worked on with research scientists at a local university on their
development of a new medication for treating depression. The biomedical research that he assisted
with was in its second round of trials, and he had participated in the project for the previous
two semesters. He worked with the lab technicians to run and record the actual results of the
experiments. Additionally, he noted that it was his hope to publish with the scientists in order to
improve his college applications. The student felt that his research experience better prepared
him for real-world science careers because he felt well prepared for the rigors of working in a lab
setting.
Student aspirations. Students also noted their intentions to seek higher education degrees in
STEM areas as a means for entering into careers in those fields. When asked, students predicted
6

Citations to school specific websites have been removed to protect the anonymity of the schools
participating in the study.
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their attendance at a specialized STEM school would allow them to be better prepared for those
future majors and careers. Many students noted that they had family members with STEM careers.
One student, when asked about his career aspirations stated that he “want[ed] to be a heart surgeon
like my uncle.” Another student noted that his family situation drove him to seek out a career in a
STEM field in which he could “become a research scientist so I can help maybe find or introduce
a cure because my father has diabetes.” These stories indicate that students’ early life experiences
and exposure to STEM careers may fuel their desire to attend specialized STEM schools and seek
out careers in STEM.
Student experience. Students work very hard and seek classes that push them to the furthest
point at which they can succeed. Some students went so far as to criticize the AP classes because
they were made too easy in order to align with the target AP test. One student stated, “One caveat
about AP courses, I think at least, is that they are kind of limited in their scope and their rigor,
even though they are for high school level . . . . There are other classes beyond AP . . . that go into
more depth into certain topics.” In addition to the specialized course offerings, students noted that
the research program offered at their school provided them with the most unique and meaningful
learning opportunities.
Students greatly value the opportunities to conduct their own research projects or work in
conjunction with practicing researchers in an area of interest. One student explained:
There is a course I know a couple of us are in, research . . . it’s actually a really great
program that we use . . . . I built an interest for research in the biomedical field through this
because, like, we look for opportunities to research outside of school. Instead of just hearing
about it, we are actually working in a lab, and we are actually getting that experience.

The students see these opportunities as unique to the school model in which they are participating.
In addition to the novel experience of working on actual research, students also note that the
specific skills that they learn at their specialized school better prepare them for their later academic
careers. Specifically students noted that they learned better time management and study skills in
addition to lab and research skills.
Teacher perceptions. During interviews with the teachers at JTHS, the strong beliefs that they
hold about their school community became quickly apparent. Specifically, the teachers spoke of a
community of collaborators, the importance of investigative and inquiry-based teaching, the level
of motivation characterizing both the students and the faculty, and the role that standards play in
the content of courses.
In addition to the value placed on working towards common goals, the teachers at JTHS place
high value on inquiry-based learning. The teachers described how important they believed it to be
to “teach by applying the scientific method.”
Curriculum and instruction. Students are expected to design, implement, and interpret
their own experiments and findings. At many other schools this investigative approach is limited
to science, but at JTHS, the mathematics classes include this approach in every lesson. In fact,
all STEM lessons observed at the school-required students to derive the lesson’s objective for
themselves throughout the class discussion. During this process, students used problems to develop
common theories and beliefs about the content from which they could derive a theorem or equation.
Competency was clearly not defined as simply being able to plug numbers into a formula. As one
teacher stated, she tries “to incorporate a writing problem in each test to encourage math literacy
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and that often gives me a clue as to whether they could really convey to someone else what they
think they know.”
Great value is placed on peer explanation and metacognition. During classroom observations,
many teachers required students to explain their answers to the class. For example, in a geometry
class, the students were required to write up various ways to solve a single problem. After class,
the teacher explained:
I often found that when they explain the concepts to their peers, often for some students
it will click a lot faster than if I were to do the same explanation. I think a lot of it is their
different perspective on how to solve a problem or what ideas are important. And based on
the explanations that they give and the presentations that they do, I see how they, how they
can explain this.

By using this investigative approach to mathematics and science, the teachers provide themselves
with insight into the students’ thinking and provide students with a stronger basis for their own
understandings.
Administrator perceptions. In talking with the principal of JTHS, a clear picture of what it
means to be an administrator at a high-intensity STEM school developed. She described the culture
of her school as both competitive and inclusive. Additionally, she shared her thoughts regarding
the students and how they shape the school. Of particular note were her values and beliefs about
teachers, which drove hiring practices.
The principal described JTHS as a place where individualization around students was
paramount, which distinguishes this school from other premiere STEM programs in the area. As
she explains, “We need to break down the anonymity, making kids feel that they are not just a
number, but that we know who they are . . . you have to individualize education.” She notes that
JTHS is not the highest ranked STEM program in the city; however, she argues that their program
and individualization provides students with more intellectual challenges. She stated, “We are
more like Cornell, maybe a little easier to get into, but harder to stay in.”
Building community is hugely important to the goals of JTHS’s administrator. She stated that
she seeks community for both her students and her teachers. She identifies hiring the most qualified
people as key to building “a community of teachers who are good at what they do and have niche
specialties.” In discussing faculty and hiring decisions, the principal noted that the traits she sought
were a terminal degree in content area, a willingness to work long hours, and a willingness to
collaborate.
When I got here the bio department was run really well. Um, we looked at data all the time.
We shared lesson plans. As a matter of fact, we had gotten [sic] a very large grant to write
lesson plans, standardized lesson plans for our regions class . . . . The goals are always focused on the classroom and creating a community of teachers who are good at what they do
and have niche specialties, now that moves from hiring to professional development . . . .
[We] hire an economist, so that we are teaching macro and microeconomics perfectly. Hire
political scientist; look at somebody who is social sciences and a data person. I came here
with an MS in bio and half way through my Ph.D., I had no education courses, but I was
smart and I wasn’t resistant to change. And all of that, and you have to have a work ethic
that is incredible. I always say to the teachers, “This is a 180 day sprint.” You know, there
is no rest for the weary. (JTHS administrator interview)

Confirming faculty members’ observations regarding the heavy workload that accompanies
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teaching in the high-intensity JTHS environment, she noted a high rate of faculty burnout and
turnover. Teachers, she noted, were expected to work at least as hard as the students.
Additionally, she noted that having teachers observe each other’s lessons allowed them to
understand their colleagues’ approaches as well as improve their own teaching. She also stated that
she uses professional development as a means for building faculty sense of community. Noting
that there was a NCSSSMST conference the following week, she stated that she was taking several
members of her faculty from all various departments as a way to boost their common dialogue
around issues of inquiry education and best teaching practices. She believed that activities such as
these furthered community dialogue around issues that were important.
The principal described students at JTHS as bright, highly motivated, and involved. She noted
that many students at JTHS have been diagnosed with various learning differences. Needing to
deal with students with different needs presented new challenges for the faculty and administration,
which had previously only dealt with mainstream gifted students. Another issue the principal noted
about the students is their involvement in and dedication to the school. She spoke of meeting with
students to talk about student club issues and the concerns of the student council. As she explained
“the students are driving me crazy in student organization because the just fight with me all the
time and it’s cool.” Describing the school as a place where “it is really cool to be smart,” the
principal noted that the kids all feel comfortable here because they would be targets for bullying
at their home schools.
LSI Case: Academy for Science and Mathematics Education
A small STEM program for 200 high school juniors and seniors, the Academy for Science and
Mathematics Education (ASME) seeks to “inspire and empower our community to learn, create,
and serve” (ASME mission as stated on website). Located in rural southeastern United States,
ASME uses exclusive admissions criterion to admit from three rural school districts. Students
in this pullout magnet program, attend the specialized program to fulfill their mathematics and
science requirements while completing the remainder of their high school courses at their home
high school. The majority of the school’s students are Caucasian, roughly 85%, with 10% of the
remaining students being of Asian descent and 5% being Latino or African American. The majority
of the students attending the school are driven to and from the school’s site by their parents.
One of the preeminent STEM magnet schools within the state, ASME places heavy emphasis
and value on the number of science and mathematics courses offered by their small faculty. Classes
are offered from 7 a.m. until 11:30 a.m., 5 days a week. This provides for four class blocks a day,
during which time the school offers seven science classes, five technology and engineering classes,
and eight mathematics classes. (Comparatively, JTHS offered 78 unique STEM area classes for
students across science, technology or engineering, and mathematics.) All of the science and
engineering classes have required laboratory components, which take up at least one hour block
a week. All 12 of the faculty members have content area degrees, with all but two possessing
terminal degrees in their content area. Several of the faculty work as instructors in their content
area at local colleges and universities; outside teaching was observed at HSI schools and would
have not been possible given the intense workloads described by those teachers.
Student perceptions. Students seeking admission to ASME begin the admissions process
in the fall of their sophomore year. Criteria required for admissions are student essays, teacher
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recommendations, test scores, and transcripts. When asked why they chose to attend the school,
students offered multiple responses, which were more broad and less focused on STEM interests
and careers. The answer that resonated with the students in the focus group was the importance
of surrounding themselves with like-minded peers and teachers. Students at ASME described
feelings of not belonging at their home schools and indicated that they were often teased or made
to feel uncomfortable for being interested in intellectual pursuits. Additionally, the students were
in agreement that the teachers in their specialized program provided them with opportunities to
work in an environment of mutual respect. All of the students who were interviewed voiced feeling
disrespect from teachers at their home schools. As one student explained, the difference between
his home school and his specialized program as “they [teachers] treated us like little kids and like
we can’t handle ourselves. And here they respect us and expect us to have our own responsibility
and stuff” (ASME student focus group).
A key feature of the ASME experience was the school’s culture, as created by the faculty. In
talking about the culture of ASME, the students described the ways in which they articulated the
shared belief supported by the program and teachers. Of particular importance to them was the fact
that like-minded individuals surrounded them. As one student explained, “It’s not bad to be smart
here. It’s cool.” The students believed that their teachers supported and fostered this environment
by their accessibility as well as their high expectations.
The students in the focus group described teachers as highly motivated and highly skilled in
their subject areas. They also believed that all the teachers at ASME not only knew their content but
also demonstrated that, as a faculty, they were vested in the students’ success. Students noted that
they were expected to ask questions for themselves and be vocal participants in their own learning.
According to one student, “at least for me, if I ask questions, they are glad that you are asking
questions and they will take the time out of their day to sit down with you and actually make sure
you understand it” (ASME student focus group). Students described a different dynamic at their
home schools where they stated that teachers neither cared nor possessed the content knowledge to
further student understanding. Students perceived that the heightened expectations of the teachers
and the greater level of independence in allowed them to make better choices about how to work
on projects. One student noted that the teachers “don’t pester you about it” if work is not completed
at the due date.
In discussing their research experiences, students at ASME described a strong sense of
ownership regarding their projects. Students at ASME are required to complete a one-semester
capstone project on a topic of their own choosing. Many students work in professional lab settings
at the local university. One student, working on a computer software development project, described
his role as “hardly central, but a real part” of the larger project. The student was partnered with the
university IT group that had been tasked with evaluating the larger university course scheduling
programs. The student described his work in two parts. Firstly he interviewed and queried system
users about the previous program. Secondly, he helped design the new program that was to better
meet the needs of the diverse set of participating departments. Although the research questions
of his project were not entirely his own, the student felt he was able to “work in [his] own ideas
about what worked best for students.” Working on campus once a week, the student was able to
make both professional connections as well as experience the real world applications of a career in
technological services and systems engineering. The student described his research project as his
favorite part of his ASME education.
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Student aspirations. Of the seven students who participated in the focus group, only two stated
an interest in going into a STEM related career. The remaining students stated they were either
undecided or planning to pursue careers in non-STEM fields. Students saw their time at ASME as
a means for preparing for college, both in terms of strengthening their admissions resumes and in
terms of the knowledge and skills acquired prior to college. As one student explained:
We are just taking a lot more challenging courses than we are ever offered at our home
school, so that looks good for college, and we are taking some college classes. Like he said,
physics is a class at UTA so we are getting college credits so we are already getting a head
start for college.

From the student vantage point, these additional college credits improved their standing in the
college application process. However, physics was the only university-level course offered at
ASME; all other college credit courses were at the AP level. In addition to enhancing their college
application, students also perceived that they learned valuable skills while attending ASME noting,
for example, that their participation in the school’s independent research project helped them learn
better time management skills. Describing it as a yearlong independent piece of work, the students
believed that their independent research project allowed them to both develop skills they needed
for future success and pursue work on their own interests.
Student experience. Students at ASME saw their experiences at school to be challenging
and interesting. They stated that the first few weeks attending ASME were challenging due to the
increased workload over their home schools. However, students noted that they were able to adapt
to the new program and workload with relative ease. Students felt that faculty members were
flexible about the dates on which assignments were due which alleviated a great deal of stress from
them as students; as one student stated “if you don’t get it done, they don’t pester you about it.”
Students at ASME stated that lab experiences at their specialized school were entirely different
than the ones at their home schools. As one student explained:
It is also different from our home schools in that our home school lab [where it was] here is
a worksheet, here’s all the steps, just do it, that’s it . . . . Here [at ASME] it’s you get all this
data and then you have to answer questions that he gives you based on your data . . . and I
had to explain why that might have happened where it was supposed to . . . . It is a lot more
like critical thinking as opposed to just do it.

Students expressed their comfort with talking ideas out and having enough time to discuss things
with peers and teachers.
Teacher perceptions. The teachers at ASME identified several key features at their school
that, in their opinion, made it both a unique and superior learning environment for students.
One of the most important features of the school, as described by the faculty, was the school’s
culture. Specifically they talked extensively about how the school’s culture differs from that of
the students’ home schools. Describing their students as “weirdoes” and “misfits,” the faculty
said that students who opted into the ASME program tended to feel like outcasts at their home
schools. This specialized program allows them to be around other students with similar interests
and social issues. The teachers took a great deal of credit for the open and accepting culture of
the school. In talking about some of the challenges that students faced at home schools, a teacher
used the example of one student who struggled with assimilating because of having Asperger’s; his
challenging home school experience was not repeated here:
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Russell, you know, would walk up in the middle of your class and be right here talking to
you while you were trying to talk to the rest of the students about something else. Everybody
knew Russell, the students did, we did. Everybody would take it in stride.

Another teacher followed up on this explanation, stating: “we are not always the normal high
school teacher, either . . . . I think all of us are very enthusiastic about what we teach and therefore,
the students see that.” The nature of the comments from the teachers denotes ownership over the
culture; they allow students to be different and to bring their own interests to their classwork. As
one teacher explained teaching there focused on:
Giving them tools, but letting them use it to express what their interests are something like
that. Doing a design program where they can, you know, design some kind of engineering
object that they want to or like something they saw like from a TV show. I mean they all
have interests and they all want to tell you about them, so providing that a way to do that
as maybe part of the curriculum or maybe just a conversation with them. Both of those, I
think, let them be able to express who they are, like we were saying.

In probing the faculty regarding their perception that they control the culture of the school,
one teacher openly stated, “we didn’t care [what anybody thought] when we were in high school,”
and he perceived his students to hold similar attitudes. The faculty acknowledge that they identify
strongly with their students. The combination of an empathic and embracing faculty and being
surrounded by like-minded students provided the program with a unique culture, which embraces
intellect and differences. Although faculty at the HSI schools showed pride and caring for their
students, they did not articulate identifying with their students nor were particularly warm
relationships observed.
Another aspect of the ASME program experience, which teachers in the focus group deemed
essential for students was the setting of expectations. Focus group participants stated that the
students benefited greatly from their ability to set their own goals as well as work independently.
Students at HSI schools were encouraged to work independently, but students at ASME were
afforded greater freedom to set personal goals. Much of the work prescribed by teachers requires
students to work independently and learn additional material on their own. Teachers stated that
the expectations that they possess for students represent college-level work. Because the courses
offered to students at ASME are dual enrollment with several local universities, the teachers
maintain college-level lessons and tests so that the students earn college credit for their work. The
teachers noted that the student body is well behaved, they do not lose class time for behavioral
issues. However, the high academic and time management expectations are what teachers argued
made the students most apt to grow intellectually. As one teacher explained:
We give them something else too, beyond the academics. They have to learn time
management because they are so over whelmed with the workloads in these classes that they
can’t sit around and waste time. They can’t come home and sit in front of the TV for two
hours before starting homework. They’ve got an evening ahead of them. So to me, the most
valuable thing that they learn at ASME is how to manage their time and how to organize
their work.

The teachers also noted that the schedule of the school encouraged the students to work
collaboratively outside of school hours. Although students returned to their home schools
midmorning, most students returned to ASME in the evenings to work in groups and get tutoring
help from the faculty and older students. Teachers noted that they placed a high value on teamwork
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and collaboration. As educators, they expected students to work together to solve problems and
further their own understanding. Additionally, the teachers noted that students often used social
media and other Internet resources such as Moodle pages as a means to connect with each other
regarding class work.
Curriculum and instruction. Labs observed within ASME were less independently structured
than those seen in HSI schools; students were provided more rigid setups and guidelines to answer
predetermined questions. Driving questions for experiments were given by the teacher for the
purposes of the content of the courses. For example, one lab observed provided students with the
research questions and methods for conducing an experiment; students followed the steps until
they had collected their data, at which point students discussed their findings in groups and worked
to develop their own explanations and understandings of the differences in findings. At no point
in the lessons observed at ASME were students asked to derive the content oriented goals of their
class like they were at JTHS.
Teachers were interested in finding the best instructional practices for their classes. Because the
school is a partial day program, most of the faculty holds lecturer positions at local universities.
Teachers reported using the knowledge that they gained as university professors to identify best
practices for their high school students. As one teacher explained:
There is a guy at Harvard, who is doing what is called Peer Instruction, and so while my
curriculum is set by UTA (local college), the way I teach it is what is called Peer Instruction, which is what all the clickers and that was about.

Clickers were observed during physics classes as a way for the teacher to check student understanding
as well as to promote class discussion. At one point when students did not have a clear understanding
of a concept being discussed, the teacher stopped the teacher-led discussion and turned the class
entirely over to the students who spent the remaining portion of class discussing the issue. By using
this open discourse approach to classes, the teachers provide themselves with insight into student
thinking and provide students with a place to build their own understanding.
Administrator perceptions. Of particular importance to the school administrator were her
role in fostering the community of learners and her role in hiring meaningful and capable faculty.
In describing the culture of ASME she stated:
The school becomes a community of learners with students from 7 different high schools
working together. All have similar interests and motivations so they “elevate” each other as
learners. Staff is delivering college level material with support and teaching students to be
responsible for their own learning in addition to content . . . . Students and staff are more
involved in program development. For example, a student committee is part of interviews
for new staff. The program adapts to meet students needs based on their interest (offering
Biophysics) and skills.

She sees her role as supporter of that community. Her description of the students offers insights into
the ways in which she offers that support. Describing a student body of high-achieving students,
she explained that often in their first year students find themselves under a great deal of pressure,
which she tries to alleviate. She also seeks to help students connect with a faculty mentor. In recent
years, she developed a journaling program for first year students; these students write weekly
journal entries to a faculty mentor as a means for providing faculty insight and access to students’
feelings and stress levels. The teachers then use this information to assist students who struggle
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with the new workload and expectations. According to this administrator, a large portion of her job
involves developing the students into safe and secure students and not simply high-achieving ones.
As she stated, her goal focuses on helping “students learn to operate independently as responsible
citizens and learners.”
Another major part of her role within ASME focused on the faculty. The principal stated that she
sought teachers with a master’s level degree in their STEM content area. She stated that this level
of degree was required because many of the classes offered at the school were dual enrollment,
meaning that the students received actual college-level credit for courses. Therefore, she required
the same level of education for members of her staff as would be expected of someone teaching
the same course at local college in the area. When probed further for additional hiring criterion, the
principal described the teaching approach of teachers at ASME: “We look for the ability to relate
to students, to engage students in the curriculum, to translate instructor’s knowledge to student,
to work collaboratively with staff and willingness for continuous professional growth.” She also
stated that teachers needed to demonstrate a willingness to devote extended days and times to
the students. Making reference to the school’s well-established after-school tutoring program, she
commented that “.without being willing to stay, you just can’t do this job.”
Cross-Case Analysis of Distinguishing Traits
Five discrete factors emerged as differentiating the experiences offered at high and low STEM
intensity schools. Although variation can be seen on any one trait, looking at them together yielded
a stronger sense of the intensity of the STEM experience offered at each type of school.
Research Experiences
Student research experiences were observed at all six sites visited; however, each school
implemented student research differently. HSI schools developed rigorous independent research
programs and requirements for their students. They set aside significant portions of instructional
time for students to conduct their research throughout their years in the program. For example, one
HSI school set aside an entire day of the school week for students to attend research opportunities
off campus. Additionally, many HSI schools cultivated relationships with industry, allowing them
to place their students in labs for real-world research experiences. Alternately, LSI schools often did
not have specific research times built into their schedules, nor did they share information indicating
relationships with industry members, which might have provided students access to meaningful
field experiences. For the most part, these research experiences were independent research papers
or projects with few mandated requirements regarding what type of research students engaged in.
HSI schools had more formalized processes which often required students to focus on experimentbased research, whereas LSI school administrators stated willingness for students to research social
science or historical topics rather than the more traditional “hard sciences.”
Another distinguishing feature of the research experiences observed at HSI schools versus
LSI schools was the role of an Institutional Review Board (IRB) in student research. All of the
HSI schools required students to submit IRB documents for approval in advance of conducting
research. Only one LSI school reported a similar process.
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Number and Variety of STEM Course Offerings
HSI schools consistently offered more courses in STEM disciplines with classes ranging from
optics to molecular genetics. LSI schools offered significantly fewer course choices for students.
The total number of unique STEM area courses offered at all three HSI schools totaled 161, whereas
the three LSI schools totaled 108 (see Table 2). Additionally, HSI schools referred to AP classes
as the minimum course level offered, whereas LSI schools AP classes often offered them as the
highest level course. At all three of the HSI schools visited, almost all STEM classes were taught
at the college level, although there were fewer observed at the LSI schools.
Faculty With Terminal Degrees in STEM Disciplines
In exploring the differences between HSI and LSI schools, differences in the faculty became
clear as well. Because schools spanned six separate states, credentials and licenses did not make
for a meaningful point of teacher comparison; given that each state requires unique things for
teachers’ to gain credential, higher education degrees attainment levels were compared. Sixtyseven percent of the faculty at HSI schools were PhDs in their field, but only 35% of faculty at LSI
schools were PhDs. Additionally, the LSI school with an abnormally high number of PhD holders
on faculty allows it’s faculty to hold faculty positions at local universities due to the nature of the
school as a partial day program; if that school were removed from the sample of schools, the other
LSI schools would have an average of only 5% PhD holders.
Future STEM Degree and Career Interests
Students at HSI schools and LSI schools reported highly variable levels of interest in obtaining
STEM area degrees after the completion of high school. Of the 19 students in HSI schools
questioned in focus groups, nearly 85% reported an intent to seek a career or higher education
degree in a STEM related field; however, of 23 students in LSI schools questioned, only 42%
reported future interest in STEM careers or degrees. When probing this difference further, some
HSI administrators indicated that although not technically required for admissions, students not
stating an interest in a STEM career in their application are not considered (LAST administrator
interview). Conversely, administrators at an LSI school noted that their priority for students was
successful entrance into college and interest in STEM was a secondary concern.
Atmosphere of Classes
Classes at HSI schools appeared more intense than those observed at lower intensity schools.
The pace of classes in HSI classrooms could be characterized by rapid-fire interactions and
extensive content coverage. Teachers asked questions quickly, provided less time for solutions
than observed at LSI schools, and moved through material with extreme efficiency. The following
is a vignette that captures the nature and experiences of one class at a high-intensity school.
Vignette 1: HSI geometry class.
As the 30 students hustle into the seats of their freshman honors geometry class, their
teacher yells, “Hurry up and get to your seats. We have a lot to cover today. Before I forget
to remind all of you midterm examinations are tomorrow. It counts for 50% of your grade.
Also, your research proposals are all due to me by the end of school today. Also, please pass
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forward last night’s homework, problems 14-115. Now, there’s a problem on the board. I
am going to give you all two minutes. Go!” As the students frantically work on the problem,
the teacher moves around the classroom checking student progress.
“Twenty more seconds; start listing all of the vertical and congruent angles in the diagram,” he shouts out.
A student calls out a pair of angles.
“Good, why is angle eight congruent to angle four? These are good terms to be using as
you describe your answers, guys. Can you tell me more about what you mean?”
Jimmy takes a deep breath and then delves into a lengthy explanation of the nature of
transverse angles and how they relate to the corresponding angles.
“Ok, good. So based on this example problem and the discussion thus far, what do you
think that our class aim is for this morning?” asks the teacher.
There is silence from the class.
“Guys, we don’t have time to waste. What do we think our aim is for today? Let’s build
this definition together,” the teacher says in a more urgent tone.
Not getting a response from his class, the teacher has one student stand up and act like
a line. He then lays himself across his desk and says, “What kind of lines are we? Can we
intersect? Are we parallel? Partner up and talk about them dimensionally.”
As the students partner up, the teacher remains prone across the desk while yelling out
features of their lines. Suddenly, he jumps up and starts writing on the board while talking
very quickly. “OK let’s do these problems!”
The kids start to groan and whine about the amount of work. Suddenly the teacher puts
his hands on his hips and states “Look, I know it’s a lot, but that’s how it needs to be in
here. One of the two mathematics classes you are required to take as juniors covers a unit
on advanced geometry focused on plane curves and their applications. The basic stuff we
cover this term will prepare you for that. That’s why we have so much work in here; we
have to cover a chapter every five days now to make sure you are ready for that. That’s how
much ground we need to cover. This is what it means to be a student here.”
“We notice that all these angles are congruent. And we notice that these lines are
parallel. So we know that the angles are congruent when the transversal cuts thru parallel
lines.
So what I would like you to in pairs is please do these two problems and see if it works
out. Find out if this is a bi-conditional situation. Discuss, discuss! I want to hear the ideas!”
The students work in pairs to solve the problem. One student raises her hand and asks,
“Should we try and make a proof?”
“Sure try and set up a two-column proof even though I haven’t shown you how. I think
you can do it.”
As the bell rings and the students start to pack up their papers, the teacher reminds them
“Don’t forget the exam tomorrow and reports are due at the end of the day. Next week we
need to prep for the (state) testing and we are starting a new unit on tangents. I know some
of you will be off campus completing your research project tasks, so email me to catch up.”
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Classes at LSI schools presented very differently from those of their HSI counterparts. The teachers
did not speak as quickly and did not appear to cover as much material in individual class sessions.
For the most part, students also presented themselves as less stressed and more relaxed. Class
discussions provided significantly more time for group sharing than observed at the HSI schools.
The following vignette illustrates the atmosphere in a LSI mathematics class.
Vignette 2: LSI geometry class.
As the students meander into the classroom, the teacher completes writing the warm up
problem on the board. The students all finish their conversations about the past weekend.
The teacher says, “Ok, let’s focus in. We have two demo problems to get through. I am
going to give all of you about ten minutes. When you have finished your own solutions,
please share with a partner and then with your table group. You need at least two solution
paths to be done.”
The students go directly to work. While they do, the teacher moves around the
classroom, making herself available to students for assistance.
One student asks to her classmate, “Do you know how to do a two column proof?”
“No,” replies her classmate. They continue to talk. One of them takes out the textbook
and turns to the index where she looks up the two-column proof. As the teacher walks by
she sees them: “Good, I am glad you are using the text. Guys please know you can use
your text as a reference. I would like to see everyone working with their materials as well
as their classmates.”
The students finish up their solutions. As they finish, the teacher calls the group
together and has several students come to the board to share their solutions. After
all the solutions are written up, the teacher says, “Wow, I see a lot of you chose very
different ways to solve this problem. We are going to need to sort out, which ones work and
then, which ones work best. Let’s group up for the rest of the period. Find yourselves
groups of five. Then I want you to figure out, which solutions are most efficient and why.
Spend the rest of today’s class doing that and we will pick up with the rest of the lesson
tomorrow. “
She dismisses the groups to go to quiet areas to work.

Conclusions
Although there are significant common themes and programmatic themes and features
among different STEM schools, significant differences exist between the nature and intensity
of the STEM experiences of schools. Categorizing STEM schools into higher and lower STEM
experience intensity provides a mechanism for examining those differences. Students in schools
with a higher STEM intensity appear to spend more time on the “doing” of science. These schools
tended to devote more time and resources to student research experiences. Administrators at these
HSI programs, compared to their LSI counterparts, placed more importance on teachers holding
terminal degrees in their content areas. LSI schools were observed to be less likely to prescreen
students for a preexisting interest in STEM field work and, in most cases, offered fewer courses
in STEM areas than their HSI counterparts. Students at LSI schools also reported less stress and
more sleep than those from HSI schools. Additionally, differences in teacher education levels may
impact student opportunities or the depth of content knowledge taught; it can be reasonably argued
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that teachers with PhDs in their content area possess more knowledge to share with their students
than those who do not. However, how that plays out for students is still unknown.
Although no conclusions can be drawn regarding outcome differences for students based on
school STEM intensity, within the observed sample, students from high STEM intensity programs
tended to state more interest in continuing on with their STEM education, a likely finding given
the noted screening procedures. This finding supports findings from other studies (Subotnik
et al., 2010); however, given the current paucity of research in the area, it cannot be determined
whether increased stated STEM interest stems from prior interest or programmatic effect. Given
the restrictive admissions policies of most HSI programs, students without early interest may in
fact be barred from admissions and further exposure. Further research is warranted to determine
the direct impacts of programmatic STEM intensity on future student STEM degree attainment.
By better understanding the effects of differently intense STEM programs, a clearer picture of the
impacts of these schools and their unique programmatic features can be discerned.
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Abstract
The aim of this article is to provide a model, an example, and suggestions for establishing
and fostering meaningful partnerships to construct authentic and relevant STEAM learning
experiences for preservice teachers. In order to prepare elementary preservice teachers
to implement the Next Generation Science Standards alongside the Common Core State
Standards for Mathematics in ways that are situated in relevant contexts and involve students
in authentic inquiry-based problem solving, it is essential that PSTs actually experience
modeled points of integration in their teacher preparation programs. It is our hope that
this article inspires other teacher educators to develop partnerships with their university,
local K–5 schools, and their community in order to best engage preservice teachers in
meaningful STEAM-related learning and teaching.
Keywords: CCSSM, Interdisciplinary, NGSS, Partnerships, Preservice teachers, STEAM,
STEM

The collaborative efforts described in this article are part of an ongoing partnership between
a university mathematics educator and science educator in efforts to create an authentic science,
technology, engineering, arts, and mathematics (STEAM) learning experience for elementary
preservice teachers (PSTs) concurrently enrolled in both mathematics and science methods. These
two teacher educators partnered first with each other and then formed partnerships with an innovative
K–5 STEAM lab teacher, a nature center, and a water company to create a relevant and authentic
context in which their PSTs could learn about both STEAM content and about interdisciplinary
teaching, two identified needs in teacher preparation (Madden, Beyers, & O’Brien, 2014; Vincent
& Focht, 2011). The partnership was initially formed when the two teacher educators began
planning for their respective methods courses and identified an opportunity for coteaching through
the context of data analysis and interpretation, an area in which PSTs need support (Roth McDuffie
& Morrison, 2008). The aim of this article is to provide a model, an example, and suggestions for
establishing and fostering meaningful partnerships in order to construct authentic and relevant
STEAM learning experiences for PSTs.
The research literature supports the need for teacher educators to prepare PSTs to teach in
ways that integrate subjects (Daugherty, Carter, & Swagerty, 2014). For instance, Frykholm and
Glasson (2005) suggested the need for teaching prospective mathematics and science teachers
pedagogical strategies for addressing overlapping content in these areas and drawing out the
connections between the two content areas. Additionally, it has been found that when teacher
education programs fail to create such interdisciplinary experiences for PSTs, they are less likely
to integrate the subject areas in their own future classroom (Daugherty, Carter, & Swagerty, 2014;
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Kurt & Pehlivan, 2013). We contend that in order to prepare elementary PSTs to implement the
Next Generation Science Standards (NGSS; NGSS Lead States, 2013) alongside the Common
Core State Standards for Mathematics (CCSSM; National Governors Association Center for Best
Practices & Council of Chief State School Officers, 2010), they must experience modeled points of
integration in their teacher preparation programs. In doing so, PSTs have the opportunity to identify
strong links among STEAM content while they simultaneously conceptualize how partnerships
can be built to create authentic learning experiences. In this paper, we first describe the selection of
STEAM content followed by the cultivation of partnerships, and then we discuss reflections from
stakeholders and our own conclusions.
Selecting STEAM Content for Integration
Because elementary teachers are required to teach all subject areas, integration of content has
been the central focus of much research. Specifically, the notion of STEAM (rather than just STEM)
has been brought to the forefront as an avenue for incorporating the Arts back into the curriculum
because they have been cut from many school programs nationwide over the past decade, as noted
in Wynn and Harris (2012). STEAM has recently received much national attention through both
the media and professional organizations such as National Science Teachers Association and the
National Council of Teachers of Mathematics. However, STEAM research is still in the early
stages. A new body of literature is emerging that highlights the importance of art integration into
STEM to appeal to more types of learners (Ahn & Kwon, 2103; Bequette & Bequette, 2012; Wynn
& Harris, 2012). Furthermore, STEAM education is important to facilitate students’ interests and
understanding about science and technology and to develop their abilities in integrated thinking
and problem solving (Bequette & Bequette, 2012; Wynn & Harris, 2012; Yakman, 2012). Research
also points to the benefits of integrating content; “By weaving big ideas and important skills from
different disciplines, teachers can maximize classroom time and reinforce concepts and skills across
subjects” and foster crosscurricular collaborations (Park Rogers & Abell, 2007, p. 58). Research
on integration also suggests that “a number of K–12 studies sustain the notion that integration
helps students learn, motivates students, and helps build problem-solving skills” (Czerniak, 2007,
p. 545). Given this promising outlook on STEAM, our work focuses on STEAM integration and
aims to help build this new body of literature.
Although the rationale for science and mathematics integration is well supported and propagated
in the literature as a best practice in teacher preparation (Berlin & White, 2010; Kurt & Pehlivan,
2013; Pang & Good, 2000), many educators worry that integration may dilute the content that
could better be taught in a more concentrated manner (Park Rogers & Abell, 2007). In their review
of science and mathematics integration literature, Pang and Good (2000) found that mathematics
is often integrated into science instruction as an adjunct component to science content. Moreover,
Akerson and Flanigan (2000) found that integration by elementary teachers often resulted in a
dominant focus on one content area to the exclusion of others.
However, teachers (and in our case, PSTs) can be taught to integrate their curricula in ways that
are effective and should be given opportunities to reflect on how to do so through ongoing practice
and modeled experiences. Recommendations have been made to include a focus on process skills,
the use of national and state standards to drive the planning of thematic units, and the use of
strong and meaningful themes (Park Rogers & Abell, 2007). Some researchers have also suggested
inquiry-based learning to connect science, mathematics, and the real world (Berlin & White, 1992;
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Vincent & Focht, 2011). We based our project on these recommendations by considering not only
the guiding standards documents but also ways we could connect inquiry practices to authentic
local contexts in ways that would effectively integrate STEAM content areas.
Our STEAM Content
We recognized a need for interdisciplinary learning in the context of data analysis and
interpretation, a well-documented high-need area for PSTs (Cook & Bush, 2015; Roth McDuffie
& Morrison, 2008) and an important inquiry skill utilized in all areas of STEAM. The importance
and relevancy of place (and drawing on a context that is local) was also an essential element in the
creation of a curriculum that allowed for a deepened connection between PSTs and the elements of
STEAM around them. Rather than creating a project around a contrived or fake issue, we wanted
PSTs to actively participate in authentic issues of personal and collective interest to the community.
Our chosen focal area for developing and modeling STEAM integration centered on the study
of the effects of erosion on local water systems. Table 1 describes how each STEAM subject was
integrated into our data analysis and interpretation project set in the context of erosion. As with
other environmental issues, interdisciplinary opportunities arise when analyzing and interpreting
data-based investigations to solve important community issues. Starting with a strong link between
two STEAM subjects (in our case mathematics and science) built a strong content foundation in
which meaningful connections to technology, engineering, and the arts could then be added.
Table 1
Integration of STEAM: The Data Analysis and Interpretation Erosion Project
Content Area

Integrated Content or Tasks

Science

Erosion & Weathering, Inquiry Process Skills

Technology

Graphing Calculators (graphing displays), Probeware (water flow)

Engineering

Water Table (design and redesign)

Art

Scale Drawing of Water Tables, Design Software

Mathematics

Fractions, Area, Units of Measure, Angle Measurement, Graphing

Our project began with PSTs visiting a creek close to campus during their science methods
course to investigate effects of erosion and erosion controls (an authentic context). PSTs were
placed into groups and were asked to brainstorm and investigate different variables (e.g., amount of
vegetation, soil type, and degree of slope) that affect the rate of erosion. Next, in their mathematics
methods course, PSTs conducted demonstrations to explore the effects of these variables. During
this time, important CCSSM content was addressed, including fractions, area, units of measure,
and angle measurement. Back in their science methods course, PSTs constructed water tables and
conducted their water table inquiry experiments, using data tables created during mathematics
methods to record the results of their trials. Using their recorded data, PSTs discussed different
types of graphical displays and created a graph representing the completed data table from their
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experiment in their mathematics methods course. The project concluded with a gallery walk of
the graphs created by PSTs and with a claims, evidence, and reasoning (CER) chart. This project
provided meaningful opportunities for the incorporation of technology and art, including the use
of probeware during the water table inquiry experiment and graphing calculators to explore the
different types of graphical representations. The art of design was incorporated through the use of
scale drawings of the water table and design software to create a water table model. Cook and Bush
(2015) provide a step-by-step description of the lesson, a timeline, and alignment to CCSSM and
NGSS.
Cultivating Partnerships to Support STEAM Learning
There are important reasons for forming partnerships with schools. As instructors of mathematics
and science methods, we have found that oftentimes, pedagogical strategies and teaching
methods that PSTs witnessed or were encouraged to use in their field placements contradicted the
research-based practices that were a central focus of our methods courses. This understandably
caused PSTs to have conflicting views regarding the practices that they should be using as teachers,
which often seemed to negatively affect the progress that we made towards supporting effective
teaching strategies.
As strong advocates for inquiry-based, authentic, and relevant instruction, we realized that it
was critical to better align the pedagogical practices that PSTs learned in their methods classes to
the pedagogical practices used in their field placement. In other words, PSTs needed to be assigned
to an exemplary classroom teacher that truly embodied the research-based practices that they were
studying in their coursework. Only then would PSTs truly understand the power and possibility of
teaching in a way that fostered student learning through authentic and meaningful contexts and the
integration of STEAM. PSTs could begin to visualize this type of learning environment in their
own classroom.
Beyond selecting an exemplar classroom for modeling STEAM education in fieldwork, we
wanted to showcase multiple ways in which STEAM can fit into elementary education (e.g., as
a single integrated unit or as a special area). Because we would model a STEAM unit in our
methods courses, we believed that it was important to establish partnerships with local community
stakeholders in an effort to highlight the local resources and supports (outside of the school) that
PSTs can draw upon in their future classrooms.
We sought to form community partnerships with entities interested in the topic under study
(i.e., erosion). Environmental concerns can play a versatile role in curriculum because they lend
themselves to interdisciplinary instruction and can facilitate connections among local stakeholders
(Cook & Weiland, 2013). As such, focusing our STEAM content on erosion in the community
enabled an opportunity to invoke local surroundings and resources. According to Bouillion and
Gomez (2001), science education should at least in part be “connected directly to expertise and
lived experience from beyond the classroom. One way to gain leverage in this quest is through
new social arrangements for schools, straightforwardly building bridges to communities beyond
school” (p. 895).
In addition to creating a model in which PSTs saw in practice through their fieldwork what
they had studied in their methods courses, it was important to approach STEAM learning goals
(guided by the NGSS and CCSSM) by examining locally relevant issues, which is preferable to a
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context that may be more contrived to simply meet the needs of reform documents. Furthermore,
engaging community stakeholders offered instructional and resource support to PSTs as they
envision STEAM learning in their future classroom. Adding these components enabled PSTs to
holistically visualize and embrace the idea of teaching STEAM subjects in integrative ways while
learning about the resources on which they might draw in their local community.
Our STEAM Partnerships
There are several types of partnerships to consider: partnerships between university faculty
(such as a mathematics and science educator), partnerships between university faculty and K–5
teachers or other K–5 school personnel, and partnerships between university faculty and STEAM
stakeholders in the community (e.g., businesses, companies, organizations, or foundations). In this
section, we explore these different partnerships and provide suggestions to consider.
University faculty partnerships. Partnerships formed between two or more university faculty
members have three key benefits. First, they bring multiple areas of expertise together in order
to create a learning experience in which PSTs benefit from different content and pedagogical
expertise. To best model integration of two or more areas of STEAM, experts in as many of those
areas as possible should be employed. In our case, the science educator wanted to authentically
engage PSTs in data analysis and interpretation through the context of environmental science.
However, she needed the help and expertise of the mathematics educator to do so in a way that
clearly aligned to the CCSSM content standards (see Cook & Bush, 2015, for alignment).
Moreover, a partnership formed between two or more university faculty members has the
potential to model what a partnership between two classroom teachers might look like, which can
help demonstrate to PSTs the influence that such collaborative efforts can have on student learning.
Such modeling may include the use of coteaching, which PSTs are increasingly being asked to
implement as part of their student teaching experience.
Finally, we found that our partnership forced us to think critically about our own practice and
teaching, essentially causing us to grow professionally and model to our PSTs the idea of being
a dedicated lifelong learner who aims for professional growth that extends throughout an entire
teaching career, as advocated in the Professionalism guiding principle of the National Council of
Teachers of Mathematics’ landmark publication Principles to Actions: Ensuring Mathematical
Success for All (2014). When considering potential faculty members to partner with, care should
be taken to find a partner with similar fundamental beliefs about PST learning or beliefs that
complement each other. In our case, we found a common thread, which centered on the value
we both placed on inquiry-based teaching and drawing upon relevant and authentic place-based
contexts. Working and planning styles should also be taken into consideration. Questions to
consider might include:
• What fundamental teaching philosophies do we share?
• How will PSTs be assessed on the STEAM project? How will we know if we were
successful?
• How do our teaching styles differ? Do these differences create potential barriers with
regards to planning, implementation, or potential PST learning?
• How will the planning, implementation, and assessment workload be distributed?
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What resources are needed?
University faculty and K–5 school partnerships. Arguably, picking the right school partner
(in our case a STEAM classroom teacher) is the most critical component. We found that one
of the most imperative aspects of preparing elementary PSTs to teach STEAM subjects in an
inquiry-based environment is for them to see this being done successfully in their field placement.
In our case, our classroom teacher partner was a former graduate from our university who wanted
to work with the mathematics and science teacher educators to establish a reciprocal partnership.
When our partnership began, our K–5 STEAM lab teacher had recently started his first year as a
STEAM lab teacher (a program that was new to his school) and was interested in partnering with
our university for resources, ideas, and PST involvement in his classroom.
Although he was new to the field of STEAM, he had selected a curriculum (i.e., Engineering
is Elementary) and developed several unit ideas to implement in his first year. Our initial
conversations focused on what his plans were, and we provided resources that could benefit his
developing curricula (i.e., journals, lesson plan ideas, research-based practices). These discussions
enabled us to get a sense for his teaching style as an inquiry-based teacher and the types of relevant
investigations with which students engage in his classroom. His lab is considered a special area,
and over the course of the school year, he teaches every student in the school, Grades K–5. In
his STEAM lab, students work on projects from start to finish and solve big problems, which are
often showcased on a classroom blog. His classroom has received recognition regionally, and our
partnership with him has been featured on the local news. For these reasons, it was evident that his
STEAM lab was the ideal environment for our PSTs.
In addition to appropriate pedagogical knowledge, it is important that this partner have strong
STEAM content knowledge, technology use knowledge, and classroom management so that PSTs
can see how critical all these sets of knowledge are and how they must work in tandem to create
a successful classroom environment. We suggest exploring the following avenues when trying
to find a teacher who meets these criteria: former graduates of your program, stand-out teachers
that have previously served as cooperating teachers for field or student teaching experiences, or
recommendations from school district personnel. It is imperative that the expectations of how
the PSTs will contribute and what PSTs will gain from the partnership is clear and explicit to the
classroom teacher, the PSTs, and the university faculty members involved. The classroom teacher
(or school member)—by definition of a partnership—should also benefit from this collaboration.
University faculty and community partnerships. A community partnership best develops
from local entities that have an educational initiative. One reason that we focused on the context
of environmental education is because we anticipated that there were many community entities
that were stakeholders in educating children on environmental concerns. For this reason, we
recommend focusing on curriculum that is of interest to local stakeholders.
For our project, we identified partners by considering who in the community is connected to
water issues. The local nature center and water company were identified as key stakeholders who
not only had a vested interest in educating the public about these concerns but also had established
relationships with educators. Both entities work closely with the local school district (and at a
reduced or no cost as part of their educative mission) and possess knowledge about the ways in
which their curriculum integrates with perceived needs in the schools. Specifically for this project,
we asked the education specialist at the water company to be a guest speaker in our class. This
provided an opportunity for PSTs to locally contextualize what they were studying about erosion
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while also providing a broader view of how our community responds to erosion problems that
affect our waterways. The nature center provided the physical space to observe erosion and related
curricular materials for direct use with K–5 students (i.e., water table construction directions,
formative assessment probes, and inquiry-based investigations for how to test variables affecting
the rate of erosion). Both of these partners helped not only to extend learning beyond the walls of
our classroom but also to provide a support for PSTs in their future teaching.
Many local entities show an interest in informal education initiatives and naturally lend
themselves to opportunities for interdisciplinary learning. By definition, a partnership should be a
mutual relationship in which both partners benefit. The organizations should benefit from increased
awareness of PSTs and K–5 students about their efforts and through the help and expertise of
university faculty and PSTs to guide or assist in their initiatives. To brainstorm potential local
partnerships, we include the following questions adapted from Bush, Karp, Lentz, and Nadler
(2014):
•
•
•

What entity in your community might benefit from a reciprocal partnership?
Where in your community do children learn outside of the school setting?
Is there an entity that could benefit from a partnership in which PSTs could help with
curriculum development while simultaneously learning about the STEAM content
associated with that entity?
• Is there an entity in which your PSTs could help solve or contribute to solving a
STEAM-related problem?
• Is there an entity in the community that would benefit from the expertise of a STEAM-field
teacher education faculty member?
When first reaching out to a community entity, we suggest contacting the person who is
responsible for educational outreach or coordination. Explain why you have an interest in forming
a partnership. Discuss not only how they can help you and your PSTs but also what you have to
offer them in terms of expertise, time, or resources.
Reflections on STEAM Integration and Partnerships
The following section highlights reflections on the STEAM integration experience from our
multiple stakeholders (faculty members, PSTs, and the classroom teacher) in an effort to illuminate
items for consideration for readers interested in implementing these types of experiences in their
teacher preparation programs.
Reflections From Teacher Educators
The creation of this project required time and flexibility by both the mathematics and science
educator. The two faculty members formed a partnership in early 2013 and spent the fall 2013
semester planning this project and pooling resources; the project was implemented during the
spring 2014 semester. The course was a mathematics and science methods course for elementary
teachers, and this project alternated between designated science methods course time and
mathematics methods course time, spanning six class sessions. Cook and Bush (2015) provides
a detailed schedule. Throughout the duration of the project, the meaning of shared terms (such
as inquiry, data analysis, and interpretation) and concepts (such as erosion and weathering) were
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collectively honed. The science educator taught the mathematics educator about the disciplinary
core content (i.e., erosion, weathering, erosion controls, human impact) and walked her through
conducting portions of the labs (i.e., percolation tests, flow rate) so that students could discuss
measurement and develop data tables in mathematics methods. Essentials of inquiry were also
discussed explicitly to explore how the erosion unit fit within the ideals of NGSS. This required the
mathematics educator to become more familiar with science content and inquiry processes so that
the mathematics could be discussed meaningfully within the context of erosion. The mathematics
educator also learned to teach with new materials (such as water tables and models) that she had
never used before.
Concurrently, the mathematics educator taught the science educator about different graphical
displays that were a focus of the elementary CCSSM agenda and worked with the science educator
on important mathematical ideas and vocabulary (e.g., discreet vs. continuous data, numerical
vs. categorical data, or independent vs. dependent variable). Moreover, the mathematics educator
worked with the science educator to show her how students could calculate the area of the water
table in square units and how the degree of the water table slope could be connected to algebraic
thinking standards, both of which are topics that align well within the learning goals of the CCSSM.
After implementation of the project began, both faculty members had to make iterative changes
to their methods course based on reflections from students that were discussed in weekly meetings
held by the two faculty members throughout the project duration. Both faculty members used a
researcher journal to document their own reflections immediately after each class session and
exchanged these reflections. An example of a reflection recorded in the researcher journal is:
“Upon prompting, all PSTs were able to recognize that there was a relationship [in a sample graph],
but most were unsure how to characterize that relationship” (Mathematics Methods Instructor,
Researcher Journal, 2/11/14). The reflections recorded in the journal served as discussion points
between the two faculty members about what needed to be addressed more explicitly in subsequent
class sessions. Another example showcased a time when the researcher journal led to a deeper
understanding of one another’s content standards. The mathematics educator wrote about a
classroom discussion regarding measuring the degree of the slope of the water table:
I started by addressing fourth grade CCSSM standard about measuring angles in degrees
using a protractor. In their science notebooks, I had them all use a protractor to make a
20 degree angle. We discussed how 90 degrees would be a waterfall as far as water flow,
we talked about how when thinking about the incline, the horizontal ray would be the flat
ground . . . and the hill is the other ray that makes the slope. The slope group decided to use
20, 40, 60 degrees (Mathematics Methods Instructor, Researcher Journal, 3/12/14).

As well as the determination of how they would test their experimental variables from their
mathematics methods class, PSTs gained experience with the use of protractors, which proved to
be more challenging for PSTs than either faculty member anticipated.
Furthermore, reflections from the researcher journal at times inspired follow-up investigations,
such as one that followed a discussion in the mathematics methods course regarding how to
calculate area:
Devon said, “Shouldn’t you take out the area of the river first, and not count that?” Carly
said only squares adjacent to the river should be counted, because the vegetation is
irrelevant unless it is adjacent to the river. This led to a heated great discussion . . . and PSTs
had quite a misconception about the percent of vegetation as a function of overall area of
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the water table (Mathematics Methods Instructor, Researcher Journal, 3/12/14).

This enabled opportunities for the science methods instructor to address persistent misconceptions
in the next class session. In fact, one of the greatest benefits of the researcher journal was
that it allowed for formative exchange of information about class sessions, PSTs needs, and
modifications to future class sessions. This process required flexibility by both faculty members.
Based on our reflections on this process, the following is a list of suggestions for working
collaboratively to create STEAM projects to use with PSTs in methods courses:
• Select a context in which PSTs can explore in an authentic setting (in our case, PSTs
examined erosion and erosion controls at a nearby creek);
• Start with a strong link between two STEAM subjects (in our case, mathematics and
science), and build the other STEAM subjects around that foundation in order for the
project to address content in-depth;
• Consider the alignment of foundational content (see above bullet) in the project to the
national or state set of standards the PSTs will use with K–5 students in order to build content
knowledge and knowledge of the standards (in our case, the CCSSM and NGSS); and
• In order to establish a link between PST coursework, fieldwork, and the community,
consider which school and community partners you could enlist to create the most
meaningful and authentic experience possible for PSTs.
Reflections From Preservice Teachers
When asked about the importance of integrating content for teaching data analysis and
interpretation, PSTs pointed to the reciprocal nature of mathematics and science and the importance
for their future students. Statements such as “It goes hand in hand; you can’t have one [content]
without the other” (Tyson) illustrated that PSTs saw the content as mutually supportive. Others
indicated the importance of teachers understanding these process skills so they can teach such
skills to students. This idea was supported with reflections such as “You cannot teach students to
interpret or communicate data [in science] without these math skills (i.e., how to represent data
in various forms (ex. percentages) and communicate through graphing)” (Jill). One PST, Carly,
stated it is not possible to understand data displays and determine relationships from the data table
alone and that graphs “can reveal key relationships among data.” She also noted, “They [graphs]
are used sometimes by the media and marketing to mislead voters and consumers,” a comment
likely connected to the discussion of graphical displays (and their misuse) that took place during
their mathematics methods course. Carly articulated that one of the rationales and the importance
for focusing on data analysis and interpretation with students was to protect them from being
misled by data displays in popular media sources—in other words, to prepare students as informed
consumers.
At the beginning of the unit, PSTs exhibited misunderstandings about how to read data
displays. When asked to interpret graphical images and erroneous claims, PSTs failed to recognize
relationships among data. For example, after viewing a graph of temperature and carbon dioxide
changes over time that included an inaccurate claim that there was no relationship among the
variables, PSTs suggested that improving the graph could be done by simply (a) making the graph
clearer to read (by incorporating a key), (b) reducing the time increments to better see changes
in values, and (c) showcasing temperature with a best fit line rather than so many individual data
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points. In other words, the PSTs did not see the discrepancy between the data and the interpretation
and instead focused on mechanics of graphical design. At the end of the unit, however, PSTs were
asked to evaluate one another’s data displays and were able to identify errors and inaccuracies.
Because PSTs had multiple opportunities to discuss data analysis and interpretation as well as
conduct the data collection themselves in both of their methods courses, their understanding of
how to build graphical displays and analyze data became more sophisticated.
Unanimously, PSTs would return from the STEAM lab enthusiastic about what they had
observed in the field and were able to identify aspects of inquiry and STEAM content that
aligned with what they were learning in their methods class. Notably, PSTs were excited about
implementing inquiry-based experiences with their future students. They were able to envision
integrating content areas through inquiry. One PST remarked, “I plan on incorporating inquiry
experiences in my classroom as often as I can. I also plan to connect it to many other content
areas [besides science and mathematics]. I want my [future] students to make many connections”
(Tyson). Furthermore, all of our PSTs recognized the relationship between the inquiry-based
teaching of integrated content and student engagement. As one PST claimed, “It allows students to
dive deeper into material and ask their own questions, often finding their own answers that mean
much more to them” (Meg). As instructors, we considered this particular partnership one of the
most essential elements to effectively supporting and motivating PSTs to integrate STEAM in their
future teaching.
Reflections From Partnering K–5 Teacher
The K–5 classroom teacher equally valued the partnership. He not only welcomed the PSTs
into his STEAM lab for observations but immediately invited them to work directly with the
students—supporting and modeling the practices of formative assessment and student-led learning
that are characteristic of inquiry-based teaching. He referenced his enthusiasm for our collaboration
when he stated,
I love the work you did with the teachers. It fits perfectly with the vision I’ve always had
for STEAM—a classroom space that is student-centered, engaging and most importantly,
purposeful. I’ve also imagined STEAM as an opportunity for current and future educators
to try new things.

As evidenced here, our K–5 teacher partner envisioned this collaboration as an opportunity for our
PSTs to grow in their development as prospective teachers in addition to having their support and
assistance in his classroom, which fosters the reciprocal nature of a partnership.
Our K–5 teacher partner also shared our passion about the integration of subject matter and
how the authentic combining of disciplines in STEAM enables students to deepen their inquiries.
As claimed below, science and mathematics skills are a necessary component of the projects that
students were completing in his classroom:
Integrating authentic math into science is difficult (while also tackling NGSS), but I think
we have something unique happening [here]—What you don’t see [in students’ final
projects] is the week or two of design work and research that goes into developing the
projects—the science and math content required to fully understand the skill, the iterative
nature of the work, even the collection of data as students quantify themselves as learners
(analyzing their own data—they keep data notebooks in their regular classes).
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Although he recognized that his classroom was not a typical field placement for elementary PSTs,
his approach to inquiry-based teaching brought about a need for natural integration to support
content learning and skill building.
Beyond this, his passion for STEAM teaching extended to a moral imperative for teaching:
“We work to imbed needed foundational science and math skills while showing students that math
and science mastery allows them to obtain knowledge and, thus, capital.” In essence, our K–5
teacher partner envisioned his work as an educator to be centered on empowering students and
prospective teachers. In other words, he truly works to prepare his students for the future jobs they
will have as adults (some of which don’t yet exist) and to be productive, self-sustaining citizens.
Based on our reflections of collaborating with our K–5 teacher partner, consider the following list
of suggestions as important guiding questions when embarking on a partnership:
• How does the curriculum and pedagogy implemented by the K–5 teacher partner align with
the curriculum and pedagogy being promoted in the methods courses?
•
•
•

•

How will PSTs fit into this environment? When or how often should they spend time in this
classroom in order to benefit all stakeholders (including K–5 students)?
What research, lesson planning, curriculum work, or resource gathering can be done by the
faculty partners and PSTs to help the K–5 teacher partner?
Does the K–5 teacher partner privilege specific areas of STEAM? If so, are there ways
faculty partners can help find a balance while keeping the curriculum authentic and
meaningful?
What opportunities are there for coteaching between the different stakeholders (K–5
teacher partner, faculty partners, and PSTs)?

Concluding Remarks
The partnerships discussed in this article showcase the benefits of collaborating with
stakeholders in order to create authentic and meaningful opportunities for PSTs that have the
potential to fundamentally change how they envision their future classrooms. Our PSTs were
grateful for this holistic experience and viewed their time spent in the K–5 STEAM lab as one of the
most meaningful experiences of their semester. Their experience aligned with the recommendation
made by Park Rogers and Abell (2007), which states that national and state standards, in our case
the CCSSM and NGSS, should drive the planning of thematic units, and also aligned with the
best practice of inquiry-based learning that connects science, mathematics, and real-world models
(Berlin & White, 1992; Vincent & Focht, 2011). Having a field experience that truly embodied
the heart of the message we were sending in our mathematics and science methods courses was
invaluable.
Moreover, our teacher partner was grateful for the opportunity to share his K–5 STEAM lab
with PSTs while at the same time obtaining the help PSTs were able to provide. Because his lab was
a STEAM lab, there was greater buy-in from K–5 students and our PSTs, as artistically-inclined
students, were intrigued by the ways the art of design could be integrated with mathematics,
science, engineering, and technology. Our partnership with the nature center and water company
created the critical connection to our community.
In our attempts to integrate STEAM content, we found that centering our inquiry on
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environmental concepts enabled PSTs to explore relevant science content while collecting and
analyzing authentic data from which they could offer potential solutions to local concerns. Although
we began this endeavor with a primary focus on the science and mathematical concepts at play,
we found that this experience could naturally bring in the arts (i.e., use of graphic design software,
scale model drawings) and technology (i.e., use of probeware, graphing calculator).
It is our hope that this article inspires other teacher educators to develop partnerships at their
university, local K–5 schools, and community in order to best engage PSTs in meaningful STEAM
learning and teaching. This experience has and will continue to have a substantial effect on the
growth and development of our PSTs as well as our growth and development as teacher educators.
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An Integrated Model for STEM Teacher Preparation: The Value of a Teaching
Cooperative Educational Experience
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Abstract
The purpose of this article is to evaluate an intensive, integrated model for teacher
preparation, specifically, a preservice STEM teacher education model which incorporates
science or mathematics content with pedagogical content knowledge in an early, intensive
classroom immersion program based entirely in a local school. STEM preservice teachers
participated in a cooperative teaching experience which placed them at the school site
for their university course work and field placements, thus ensuring a more seamless
connection between theory and practice. The findings from this comparative study of
the STEM preservice students in the teaching co-op and STEM preservice teachers in a
traditional preparation model indicate that the STEM preservice teachers in the teaching
cooperative model were more confident about their teaching skills, more comfortable with
their content knowledge, and prepared to work effectively with high-needs students.
Keywords: STEM teacher preparation; Teacher education

Literature Review
To be effective in their practice, teachers of science, technology, engineering, and mathematics
(STEM) must have deep knowledge of the content that they teach (Darling-Hammond, 1999;
Munby, Russell, & Martin, 2001; Shulman, 1986; Wilson, 2011). Additionally, they must also
have specialized knowledge of how to teach STEM content to students—i.e., pedagogical content
knowledge (Shulman, 1987). To effectively impart both content and pedagogical knowledge,
Grossman, Hammerness, and McDonald (2009) urge teacher preparation programs to dismantle
the “divide between foundations and methods courses, as well as the separation between the
university and schools” (p. 273). The purpose of this article is to evaluate an intensive, integrated
model for teacher preparation, specifically, a preservice STEM teacher education model which
incorporates science or mathematics content with pedagogical content knowledge in an early,
intensive classroom immersion program based entirely in a local school.
Background
Content Knowledge
According to the National Research Council (2000), “content knowledge must be a central focus
of a science or mathematics teacher’s preparation, with the result being a deeper understanding of
the fundamental science, mathematics, or technology that he or she will need to teach” (p. 4).
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A report from the President’s Council of Advisors on Science and Technology (2010) noted that
“28 percent of the U.S. public school teachers who are teaching science in grades 7-12 lack a minor
or major in the sciences or science education” (p. 61). More than one quarter of our middle and
high school science teachers do not possess this deep content knowledge or the requisite skills in
teaching STEM content and may not meet the minimum teaching qualifications in the sciences
(p. 61).
In a study of K–5 teachers, Nadelson et al. (2013) found that teachers’ knowledge of STEM
content was positively correlated with both efficacy for and confidence in teaching STEM for
the 32 participants in their Year 2 cohort (p. 162). Surprisingly, the second cohort’s efficacy and
confidence with STEM were not correlated with years of teaching experience (Nadelson et al.,
2013, p. 162), indicating that experience alone does not account for improvement in either efficacy
or confidence with STEM teaching.
Lee and Houseal (2003) noted that the primary internal impediment to science teachers’
self-efficacy was a lack of science content knowledge (p. 50). Overall, self-efficacy toward science
teaching, or the belief in one’s ability to teach science, encompasses the teacher’s comfort level,
self-confidence, and attitude about teaching science (p. 39). Lee and Houseal suggested that teachers
with high self-efficacy are more likely to engage in group work and activity-based teaching with
their students as they use their science content knowledge to guide instruction. They noted that
teachers with higher levels of self-efficacy “are much more independent and resourceful science
teachers . . . . They are the least dependent on a textbook” because they have strong science content
knowledge (p. 52). High self-efficacy allows teachers to address classroom management issues and
adapt to changes in content standards. Teachers with lower self-efficacy, or limited science content
knowledge, were only able to engage in student-centered or project-oriented lessons for select
topics with which they had prior experience; teachers with higher self-efficacy were more likely
to engage in such lessons regularly, even for content with which they were less familiar (p. 53).
Pedagogical Content Knowledge
Successful STEM teaching demands pedagogical content knowledge, the ability to effectively
communicate STEM concepts in a way that students can understand. The President’s Council of
Advisors on Science and Technology (2010) argued that teachers must “have strong pedagogical
training specific to STEM” (p. 59). Similarly, the “standards from the Interstate New Teacher
Assessment and Support Consortium (INTASC, 1999) . . . [assert] that teachers of science
and mathematics need to understand content as well as know how to apply that content in
problem-solving and inquiry-based situations in the classroom” (National Research Council,
2000, p. 57). “Ball (1998) contended that, to teach mathematics effectively, a teacher must have
knowledge of mathematics and a conceptual understanding of the principles underlying its topics,
rules, and definitions” (p. 59); the same could be said about all STEM subjects. This conceptual
understanding, together with practical experience in the classroom, helps build the necessary
content-oriented pedagogical knowledge of a successful STEM teacher. The President’s Council
of Advisors on Science and Technology (2010) suggests that teachers with these proficiencies are
able to “explain concepts and procedures from multiple perspectives, . . . make their subjects come
alive . . . make STEM relevant . . . deal with questions from inquisitive students and, in turn, pose
challenging questions to their students . . . ignite student interest in STEM . . . encourage students
to question assumptions, rather than accepting what they are told as a given . . . and inspire and
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motivate students to study STEM” (p. 59–60). Unfortunately, this content-oriented pedagogical
expertise is the most difficult to impart to preservice teachers, due in part to the prevalence of
“content-free methods courses, emphasizing general strategies rather than specific instructional
responses to address specific student ideas in a specific topical area” (National Task Force on
Teacher Education in Physics, 2010, p. 5). One motivation for developing the integrated STEM
teacher preparation program presented in this article was the desire of faculty members from
education, arts and sciences, and engineering to develop a model that would directly integrate
STEM content with pedagogical course work.
Partnership Between STEM and Education Departments to Prepare Preservice STEM
Teachers
To address the gap in pedagogical content knowledge, the National Academy of Sciences
envisioned that “SME&T [STEM] faculties would assume greater responsibility for the
pre-service and in-service education of K-12 teachers” (National Research Council, 1999, p. 7).
The National Academy of Sciences encourages partnerships between college-level STEM and
education departments to assist preservice teachers in acquiring the necessary content knowledge,
pedagogical knowledge, and pedagogical content knowledge. Specialized college departments
tend to hinder preservice teachers in acquiring the pedagogical content knowledge required for
acquiring skills in inquiry and activity-based STEM teaching practices because they present
their course work in distinct and separate programs. The National Academy of Sciences suggests
that, due to departmental isolation, STEM faculty may be unaware of best practices in STEM
pedagogical education. Likewise, education faculty may not be knowledgeable about current
scientific research. Therefore, collaboration between STEM and education faculty is necessary
to ensure that new STEM teachers are effectively prepared (National Research Council, 1999,
p. 43). According to the National Research Council (2000), STEM departments “should assume
greater responsibility for offering college-level courses that provide teachers with strong exposure
to appropriate content and that model the kinds of pedagogical approaches appropriate for teaching
that content” (p. 11–12).
An Integrated STEM Teacher Preparation Model
The Robert Noyce Teacher Scholarship Program administered by the National Science
Foundation (NSF) provides grants to higher education institutions to develop innovative STEM
teacher preparation programs that will recruit and prepare STEM professionals and preservice
teachers for the teaching profession (American Association for the Advancement of Science,
2015). With support from NSF and the Robert Noyce Teacher Scholarship program, faculty in the
Colleges of Education, Engineering, and Arts and Sciences at this private, midwestern university
initiated a unique undergraduate STEM teacher preparation program in 2009. The purpose of the
program was to adapt the cooperative education model used to prepare engineers and applying it
to STEM teacher preparation.
Cooperative education combines academic study with practical work experience. Engineering
co-op students typically alternate semesters of school attendance with semesters of industry
placement. They complete a minimum of three alternating work terms with their co-op employer,
which extends their undergraduate program to 5 years. By the end of the their program, they will
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have gained 12–16 months of relevant work experience. The Robert Noyce Teacher Scholarship
Program discussed in this article is an extrapolation of this engineering industry co-op model. The
placements for the teaching co-op model were held in high-needs, urban, middle and high school
settings and involved extensive educational field experiences that allowed undergraduates to meet
their university and state teacher education standards (van den Kieboom, McNew-Birren, Eckman,
& Silver-Thorn, 2014).
The Noyce STEM Scholar Program included three STEM teaching co-ops. The first teaching
co-op occurred during the students’ junior year and was a full immersion experience at a
high-needs secondary school. The students completed nine credits of education coursework at the
high school site where they were also assigned to specific mathematics or science classrooms.
The high school provided space for the university class that was led by a university instructor,
access to the science and mathematics classrooms, and mentorship from classroom teachers. The
second teaching co-op took place during the students’ fourth year and included course work and
a placement at another high-needs school. The course work and experiences of this second co-op
focused on the pedagogical content knowledge that the scholars needed to become effective STEM
teachers by linking the mathematics or science methods course to a middle school methods course
while providing direct practice at the school site. The third and final teaching co-op consisted of the
traditional student teaching semester, which involved full-time placement and teaching at a third
high school, direct work with a STEM classroom teacher, and participation in a university seminar.
In this article, we focus on the first of the three STEM teaching co-op experiences for the Noyce
STEM Scholar Program and examine the experiences of the undergraduates who participated in
that program from 2010 to 2013.
Methods
Setting for the STEM Teaching Co-Op
The secondary school that partnered with the university on this project is located approximately
five miles from the university in an ethnically diverse neighborhood. It is a relatively small public
high school (200 students) recently established by the public school district as a charter school
with a focus on science and mathematics for children from Spanish speaking backgrounds. The
high school principal graciously made space available for the STEM teaching co-op experience,
assisted in integrating the Noyce scholars into the school setting, and provided access to classroom
teachers. The scholars were present in the school with the university instructor for 2 full days of
school (or 3 half days of school, depending on scholars’ schedules). For the remainder of the week,
the undergraduate students completed additional requisite course work at the university. While
at the high school, the Noyce scholars participated in university course instruction, observed and
worked in high school science and mathematics classrooms, attended professional development
programs with the school’s faculty, tutored students in study halls, and assisted teachers with
STEM course development.
This STEM teaching co-op experience was designed to prepare preservice teachers by
addressing pedagogical content knowledge in an integrated format, providing opportunities
for reflection and development as a teacher. The university course included topics on learning
and assessment, differentiated instruction for exceptional learners, and literacy in the content
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areas. Assignments for the course were designed to integrate these theoretical concepts with
practical experiences (Grossman et al., 2009). For instance, the Noyce scholars were required to
maintain journals in which they reflected on the general high school class environments, content
presentations, classroom management techniques, and ways that individual learning needs were
met. The scholars contrasted their observations with theory and discussions from their pedagogical
course instruction. Other assignments included writing a lesson plan that included differentiated
instruction, conducting interviews of faculty and students at the high school, and identifying
professional STEM teaching resources for future use.
Data Collection
Data collected for this study included responses to surveys, course assignments, and field
experience journals from the four cohorts of scholars who participated in this STEM teaching
co-op from 2010–2013. To investigate the effects of the teaching co-op experience, survey data
were acquired from both the Noyce STEM scholars (n = 10) and undergraduate students with
comparable academic degree programs in the traditional STEM teacher preparation program
(n = 6) at this university. Interviews and focus group sessions were conducted with teachers in the
collaborating high school who had interacted with the scholars; these individuals also had prior
experience with traditionally prepared STEM preservice teachers. The university instructor for
the first teaching co-op was interviewed to further assess the effects of the teaching co-op model
on STEM teacher preparation and student development. All study procedures were reviewed and
approved by the university’s Institutional Review Board (protocols HS-1826 and HS-2345). Written
informed consent was solicited and obtained from all students prior to research participation.
The survey instrument was adapted from a senior exit survey used by the College of Education
at the university to assess the effectiveness of the traditional teacher preparation program. The
specific survey items are summarized in Table 1. The survey instrument was distributed to the
Noyce STEM scholars and comparable-level peers who participated in the traditional STEM
teacher preparation program at the same point in their respective programs. Students were asked to
respond on a 4-point Likert scale: strongly agree (4) to strongly disagree (1). Respondents were also
asked five open-ended questions regarding the strengths and weaknesses of their respective STEM
teacher preparation program, the features most and least helpful for their growth and preparation,
the experiences outside classes and field work that were helpful in their growth and preparation,
and suggestions for improving the STEM teacher preparation program. T-tests were conducted to
assess differences between the Noyce scholars and the traditionally prepared student groups.
Qualitative data from the open-ended survey questions, the teaching co-op assignments and
the field experience journals were analyzed and coded in order to identify common themes that
paralleled the survey concepts. Open coding and iterative cycles (Strauss & Corbin, 1998) were
used to analyze the interviews (Bogdan & Biklen, 1998).
Findings
Both the Noyce STEM scholars and their traditionally prepared STEM peers reported that the
teaching co-op or their comparable three discrete courses and related field experiences prepared
them well in several aspects of classroom teaching (see Table 2). The self-assessment scores
reported by the Noyce STEM scholars, however, often exceeded that of their peers. Specifically,
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these self-reports indicated that the Noyce STEM scholars were better prepared than their peers in
four areas: (Q1) understanding the central concepts of mathematics or science, (Q4) understanding
how to provide for differences in students’ approaches, (Q5) providing instruction to support all
students, and (Q7) understanding the barriers that can impede student learning. These specific
findings will be presented and discussed in further detail with supporting data collected from the
interviews, focus groups, and the open-ended comparative survey questions.
Table 1
Items From the Survey on Teacher Preparation Program Effectiveness
Q1: To understand the central concepts, tools for inquiry, way of reasoning, uncertainties, and
controversies in the content areas I will teach.
Q2: To create learning experiences that make the subject matter I teach meaningful for students.
Q3: To understand how children with broad ranges of ability learn and develop.
Q4: To provide instruction that supports all students’ intellectual, social, and personal development.
(developmentally appropriate instruction)
Q5: To understand how students differ in their approaches to learning and to differentiate instruction
to meet the diverse cognitive, cultural, racial, linguistic, and physical needs of all students.
Q6: To understand the role of culture in learning and to provide culturally relevant/culturally
responsive instruction.
Q7: To understand the societal and structural barriers that can impede student learning and to work
to reform those structural inequities.
Q8: To understand and use a variety of instructional strategies to encourage children’s development
of critical and creative thinking, problem solving, and performance skills.
Q9: To use an understanding of individual and group motivation and behavior to create a positive
learning environment.
Q10: To encourage positive social interaction, active engagement in learning, and self-motivation.
Q11: To use effective verbal and nonverbal communication techniques to foster active inquiry,
collaboration, and supportive interaction in my classroom.
Q12: To organize and plan systematic instruction based upon knowledge of subject matter, students,
and community and curriculum goals.
Q13: To use formal and informal assessment strategies to guide instruction and to provide me with
information necessary to differentiate instruction to meet the learning needs of all students in my
classroom.
Q14: To be a reflective practitioner who continually evaluates the effect of my choices and actions on
students, parents, professionals in the learning community and others.
Q15: To actively seek out opportunities to grow professionally.
Q16: To collaborate with school colleagues, parents, and agencies in the larger community to support
student learning and well being.
Q17: To serve as advocates for marginalized students and for individual students whose needs are not
being addressed by the school.
Note. Bolded items highlight the respective primary concepts
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Table 2
Comparison of Survey Data from Noyce STEM scholars (n = 10) and Traditional STEM students (n = 6)
95% Confidence
Interval of Difference
Mean

SD

t-value

Significance
(2-tailed)

Lower

Upper

Q1: Central Concepts

0.40

0.16

2.45

0.037

0.031

0.769

Q2: Meaningful Learning Experiences

0.33

0.24

1.41

0.181

-0.176

0.843

Q3: Child Development

0.20

0.25

0.79

0.446

-0.349

0.749

Q4: Developmentally Appropriate Instruction

0.50

0.17

3.00

0.015

0.123

0.877

Q5: Differentiated Instruction

0.63

0.22

2.94

0.011

0.172

1.095

Q6: Culturally Responsive Teaching

0.25

0.30

0.84

0.414

-0.387

0.887

Q7: Structural Barriers and Inequalities

0.50

0.17

3.00

0.015

0.123

0.877

Q8: Variety of Instruction

0.00

0.34

0.00

1.000

-0.725

0.725

Q9: Positive Learning Environment.

-0.08

0.28

-0.30

0.766

-0.672

0.506

Q10: Active Engagement

0.38

0.34

1.13

0.278

-0.345

1.112

Q11: Effective Communication

-0.41

0.34

-1.21

0.246

-1.137

0.317

Q12: Systematic Instruction

-0.10

0.27

-0.37

0.719

-0.685

0.485

Q13: Assessment Strategies

-0.50

0.34

-1.49

0.161

-1.226

0.226

Q14: Reflective practitioner

0.47

0.24

1.98

0.068

-0.040

0.974

Q15: Professional Development

0.43

0.36

1.21

0.246

-0.335

1.201

Q16: Collaboration

0.50

0.39

1.28

0.221

-0.337

1.337

Q17: Student Advocacy

0.07

0.33

0.20

0.843

-0.642

0.775

Note. Bolded entries reflect statistically significant differences at the 0.05 level.

Understanding of STEM Content
The Noyce scholars were more likely than their traditionally prepared counterparts to agree
that they “understand the central concepts, tools for inquiry, ways of reasoning, uncertainties,
and controversies in the content areas I will teach” (Q1, t = 2.45, p < 0.037). The self-reported
understanding of the central concepts of the STEM fields occurred despite both student groups
being enrolled in the same STEM content courses. The sole difference in the Noyce STEM teacher
preparation was the enhanced integration of the STEM content and pedagogical content knowledge
during their first teaching co-op experience.
In their open-ended responses to the survey questions, both the traditionally prepared preservice
teachers and the Noyce scholars mentioned that the fieldwork experiences were strengths of their
educational program. When asked to describe the weaknesses they saw in their preparation,
four of the six traditionally prepared preservice teachers expressed frustration that content and
pedagogy were taught separately, leading to a disconnect between their content knowledge and
their pedagogical knowledge (Grossman et al., 2009). None of the Noyce scholars identified such
a disconnect.
The university instructor for the first teaching co-op confirmed the effectiveness of the model
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when she described the Noyce scholars as “focused, professional, and near classroom ready.” The
finding that the Noyce scholars were “more classroom ready” than their traditionally trained peers
appears to result from the unique structure of the first teaching co-op, which incorporates early,
intensive field placements alongside educational methods course content. In the co-op structure,
the preservice students were actively engaged in doing the work of practice that Grossman et al.
(2009) identified as essential for preparing teachers. The university instructor stressed that this
early school immersion was “critical to putting content into context.” The structure of the teaching
co-op allowed students to apply what they were learning in class directly to their experiences in
the field and enabled them to use their field experiences to deepen their understanding of their
course work. The Noyce scholars moved seamlessly between their education course work in the
high school building to their direct work with students and teachers in the classrooms at the high
school. The university instructor felt that the progress the Noyce scholars made as preservice
teachers during their first teaching co-op was “better than expected.”
Providing Instructional Support to All Students
The Noyce scholars were more likely than their traditionally prepared counterparts to state
that they were prepared to “provide instruction that supports all students’ intellectual, social, and
personal development” (Q4, t = 3.00, p < 0.015). The Noyce scholars described how they benefited
from regular contact with a specific group of high school students and became more comfortable
with the school culture and environment. They explained that they felt “more connected” and were
able to draw upon the relationships they developed with the students when it came time for them
to teach their own lessons. The scholars reflected on the importance of reliability, relationships,
and rapport in classroom management and were able to recognize the presence or absence of
these relationships and how they affected classroom dynamics. One scholar pointed out a useful
approach he saw a cooperating teacher use: “She talks to her students as they enter, and it makes
the class have a real personal feel, and makes students feel like their teacher is relatable.” Another
scholar commented on the result of not fostering relationships with students: “The relationship
between pupil and teacher is a very important tool in maintaining good classroom management.
With the lack of a relationship, some students find it easier to disobey and ignore the requests of
the teacher because they feel that there will be no consequences.” It is clear from these reflections
that the Noyce scholars have developed pedagogical content knowledge in the teaching co-op
model.
Understanding Developmental Theory and Providing Differentiated Instruction
Noyce scholars were more likely than their traditionally prepared peers to indicate that
they were prepared to “understand how students differ in their approaches to learning and to
differentiate instruction to meet the diverse cognitive, cultural, racial, linguistic, and physical
needs of all students” (Q5, t = 2.94, p < 0.011). The integrated structure of the teaching co-op
allowed scholars to learn about teaching and child development theory and immediately see its
application in the classroom during their observations at their host high school. Scholars were
particularly attuned to how differentiation in the classroom allowed teachers to account for the
theory of multiple intelligences. One Noyce scholar made the following observation:
Seeing Mr. [Teacher] incorporate different learning styles into his lesson plans really helped further my understanding of how to address the multiple learning styles of
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students . . . . Mr. [Teacher] demonstrated how to include activities and parts of a lesson
plan that address all different types of learning styles. He used labs to help the kinesthetic
learners, diagrams in his lecture slides for the visual learners, and both group and individual
work/practice problems for the interpersonal and intrapersonal learners.

Another scholar found lab time to be integral for addressing students’ STEM needs: “What I like
most about a lab is that it can involve multiple intelligences, engaging a wide range of learners with
just one activity.” This scholar went on to connect lab work, not only to Gardner’s (1983) theory of
multiple intelligences but also to Dewey’s (1933) authentic learning experience.
Understanding the Structural Barriers to Student Learning
The Noyce scholars were more likely than their traditionally prepared peers to indicate that they
understood “the societal and structural barriers that can impede student learning and to work to
reform those structural inequities” (Q7, t = 3.00, p < 0.015). The Noyce scholars’ responses to the
open-ended questions revealed their attention to issues surrounding the diverse racial and linguistic
needs of their high school students. Six of 10 Noyce scholar respondents noted an appreciation
for the diversity of the student body at their school. This attention to diversity was reinforced in
one scholar’s reflections: “I was impressed because the dominant attitude toward urban education
is that it is destined to fail, and it was refreshing to see—and participate in—a counterexample.”
Three scholars mentioned that they were fortunate to work with students with diverse learning
needs, including special education students. Another scholar noted, “The thing that I am most
concerned about is being able to meet the various needs of all my students.”
This first STEM teaching co-op placed the Noyce scholars in a predominantly Hispanic urban
high school. As such, the scholars became aware of the difficulties English language learners face
when learning new content in an unfamiliar language. One scholar commented on the language
barriers between him and a Spanish-speaking student with whom he was working on a regular
basis. The scholar found it difficult to communicate mathematics concepts to the student and noted,
“One thing I noticed from my day with [the student] was that it was easier for her to understand my
examples by looking at them compared to me explaining to her what I did . . . . Therefore, it was
important that I provide clear examples that demonstrated the proper techniques.”
Reflective Practitioners
Another difference between traditionally trained preservice STEM teachers and Noyce scholars
appears in response to the statement “I feel prepared to be a reflective practitioner who continually
evaluates the effect of my choices and actions on students, parents, professionals in the learning
community, and others” (Q14, t = 1.98, p = 0.068). Noyce scholars were more comfortable with
reflective practices and articulated the value of taking the time to reflect on their practices and
experiences.
The Noyce scholars recognized that the structure of the teaching co-op had positively affected
them. They explained that over the course of the semester they went through a transformation from
a “college student” to a “teacher.” One scholar stated, “I have gotten more confidence in what I can
do and my teaching ability . . . . I’m beginning to see myself more as a prospective teacher than as
a student in college.” After reviewing his earlier journal entries, he expressed surprise at his own
progress. “At the beginning I wrote from the perspective of either a learner or an observer, and as
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time went on I began to assume the role of a teacher . . . . I became more comfortable seeing myself
as a teacher.” This transformation is noteworthy because it took place over a single semester,
during the first of three STEM teaching co-op experiences.
Many of the Noyce scholars expressed their concerns with classroom management in their
reflections and discussed “both the good and the not-so-good” teachers they had observed. In these
reflections, scholars noted teaching practices that they hoped to avoid and those they aspired to
adopt. One scholar commented on an example of an unsatisfactory teacher: “I believe the majority
of the problems was in [the teacher’s] approach with the classroom.” The scholar went on to explain
what he would have done differently and why that alternative strategy might be more effective.
Limitations
There were several limitations to this study, primarily the small sample sizes for the Noyce
scholars (n = 10) and the traditionally prepared students in STEM fields that formed the comparison
group (n = 6). Additionally, the focus group findings were collected as written summaries rather
than as formal transcriptions. Changes in the university instructor for the teaching co-op experience
meant that there were some changes in the assignments and assessments used between the first
(2010) and later cohorts (2011–2013).
Conclusion
Despite these limitations, it is clear that there are important differences between the traditional
STEM teacher preparation program and the Noyce STEM Scholar Program’s first teaching
co-op, which had integrated theory and practice (Grossman et al., 2009) to strengthen scholars’
pedagogical content knowledge of the theories of learning and adolescent development with direct
observation and practice in the field. The Noyce scholars came away from this integrated teaching
co-op experience with stronger pedagogical content knowledge, as evidenced by their appreciation
and understanding of the needs of students with different learning abilities and racial and linguistic
backgrounds. Having spent 2 full days or 3 half days at the high school throughout the semester,
either in their university classroom or working directly with the high school students in STEM
classrooms, the scholars gained a level of self-confidence and self-efficacy that they brought to the
remainder of their teacher preparation program.
The strong pedagogical content foundation and the scholars’ resulting comfort in the classroom
did not go unnoticed. When these scholars became student teachers in the third STEM teaching
co-op, their cooperating teachers commented on their level of confidence. The teachers noted that
the scholars were more comfortable with both the content and with high school students than their
traditionally prepared preservice teacher counterparts were. This confidence likely contributed
to the increased independence noted for the Noyce scholars when compared to traditionally
prepared students. Like all new student teachers, the Noyce scholars were initially hesitant to
engage students in dialogue; however, according to their cooperating teachers, the scholars became
comfortable in initiating discussions more quickly than did traditionally prepared student teachers.
Cooperating teachers characterized the Noyce scholars as more flexible, ambitious, interactive,
open to constructive criticism, involved, eager, competent, and prepared than many traditionally
prepared students with whom they had worked.
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This article focused on the first of three STEM teaching cooperative experiences for Noyce
scholars. The results support the continuation and further development of this model for both
STEM teacher preparation and teacher preparation for other content areas. As Grossman et al.
(2009) argue, there is a clear advantage for university preservice teachers when they are able
to closely and almost seamlessly integrate educational theory and practice in their courses and
field placements. Being in a single school setting for both course work and field placement better
prepared the Noyce scholars, making them comfortable with their content knowledge and how
to effectively work with high-needs students. Further studies that compare the strengths of the
teaching co-op model for the entire teacher preparation program, inclusive of the three teaching
co-op experiences, are needed.
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Abstract
A growing concern for STEM teachers is the responsibility of having students who do
not speak English proficiently in their content area classrooms. This paper gives a
background of how STEM literacy and English language learner (ELL) literacy can be used
productively together as well as strategies for STEM teachers to help all students learn.
Strategies for ELL literacy are good strategies for all students. We discuss specific
strategies that STEM teachers can use that benefit all students in developing academic
language and conceptual understanding in STEM content using a hands-on STEM
experiment, “Why do I need to wear a bicycle helmet?” that incorporates Newton’s first,
second, and third laws of motion.
Keywords: Academic language; Cultural and linguistic diversity; Content-specific
instructional strategies; English language learners; Language minority students; STEM
literacy

“How am I expected to teach the same content to every student when some kids in the class
don’t even understand English? I’m a content area teacher, not a language teacher.” We hear this
many times from STEM teachers.
Nationwide, student demographics reveal that the number of English language learners (ELLs,
who are also known as ESL, ENL, EL, LEP, or LM students) in schools across the country continues
to rise (National Center for Education Statistics, 2016). A 2015 Migration Policy Institute report
indicates that 13% of the U.S. population is currently immigrants. A total of one quarter of the
nation’s population is either first- or second-generation immigrants (Zong & Batalova, 2015).
In the last decade, states with the largest percent growth of immigrant population were South
Carolina, Tennessee, Kentucky, Alabama, and Arkansas (Zong & Batalova, 2015), none of which
have traditionally had high levels of immigration. One elementary school in our southern Indiana
community counts 34 languages spoken by its students, and one school district in our region totals
over 100 languages. These growth patterns indicate that even teachers in regions with traditionally
low immigration need to build skills in teaching content material to students who are also learning
English.
Consider for a moment a demonstration that we share with teachers. We would show you
a paragraph on a specific concept that is written in Arabic. The teacher would slowly read it
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aloud to you, utilizing excellent teaching skills such as voice modulation, eye contact, gesturing,
questioning, and wait time. Would you know what was being taught? Would you understand it
even if the teacher repeated this three times? Or would you learn better from the teacher who has an
understanding of your situation as an Arabic language learner and possesses specific skills that aid
your comprehension? Imagining this scenario provides teachers with a sense of what ELL students
experience for most of the school day, which they spend in mainstream classrooms rather than with
ELL specialists or ELL-certified teachers.
Connections Between STEM Literacy and ELL Literacy
When the term STEM was first coined in 2001 by Judith Ramaley, the Assistant Director of
the Education and Human Resources Directorate at the National Science Foundation, it referred to
science, technology, engineering, and mathematics. STEM now has a broader meaning, including
agriculture, environment, economics, education, computer science, and medicine (Zollman, 2011).
“There is a general consensus that everyone needs to be STEM literate, but there is a difference
between literacy and being literate. STEM literacy should not be viewed as a content area but as
a shifting, didactic means (composed of skills, abilities, factual knowledge, procedures, concepts,
and metacognitive capacities) to gain further learning” (Zollman, 2012, p. 12). Literacy in STEM
goes beyond understanding, communicating and applying, “going beyond ‘learning to know and
learning to do’ to ‘learning to live together and learning to be’” (p. 15), “from learning for STEM
literacy to using STEM literacy for learning” (p. 12).
Table 1
Comparing ELL Language Needs With STEM Literacy Needs
English language learning needs

STEM literacy needs

Multiple opportunities to hear and use both social
and academic English

Multiple opportunities to hear and use language to
express STEM understandings

Rich contexts to help language comprehension,
and the opportunity to engage and contribute to
the interactive learning community

Rich contexts to help illustrate STEM concepts,
and the opportunity to engage and contribute to
the classroom STEM learning community

Instructional supports for written and spoken
language—e.g., intentional student grouping,
multiple representations, scaffolding strategies for
different tiers of English vocabulary

Appropriate supports for STEM concepts—e.g.,
hands-on student engagement, multiple representations, scaffolding strategies for STEM-specific
vocabulary

Acceptance of “flawed” language for example
non-standard English grammar in earlier stages of
language learning

Acceptance of “flawed” language--for example,
non-scientific language

Note. This table is adapted from Riley and Figgins (2015) and is used with permission from the authors.

Teaching students who are learning English is intimidating for many teachers, but seems to
be especially daunting to many STEM teachers who often have limited training in working with
language learners. Regardless of their content area specialty, we believe that all STEM teachers—
and their students—benefit greatly from knowing some basic information about teaching English
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language learners. Table 1 shows a comparison of ELL students’ needs and students’ needs for
STEM literacy. As Bennett and Ruchti (2014) assert, STEM teachers can increase student learning
by integrating common practices.
In order to model what STEM teachers need to know and do, we offer the following example
activity, “Why do I need to wear a bicycle helmet?” (Teaching Channel, 2016), which incorporates
Newton’s first, second, and third laws of motion in a real-world problem situation. In this activity,
students first predict, then observe, and then experiment with placing a egg in a toy car and letting
it roll down an incline plane until the car hits a brick barrier causing the egg to fly out of the car
and break on the floor.
What STEM Teachers Need to Know
Using literacy to learn is a valid method for ELL students, for STEM students, and, in fact,
for all students. The following are suggestions of what STEM teachers need to know about ELL
students in order to facilitate learning for all students.
Students Are Learning Two Types of English to Be Successful in School
“I hear him speaking fluently with his friends out in the hall, so his lack of achievement must
not be a language barrier.” Complaints like this represent comments that we often hear from
teachers who assume that because a student speaks English well, the student’s struggle or failure
to perform in class is not related to language proficiency issues. The most common misconception
about language learners is that if a student can speak English, then the student knows English.
However, much like learning in the STEM areas, language acquisition is not a linear process.
Successful students must acquire two different types of English, social language and academic
language, which Cummins (1984) referred to as “basic interpersonal communicative skills (BICS)
and cognitive/academic language proficiency (CALP)” (p. 136).
BICS, or social language, is less cognitively demanding and often includes nonverbal cues
and context clues to meaning; for this reason, students often become proficient in social language
within 1–2 years of being in schools in the United States (Thomas & Collier, 2002). CALP, or
academic language, is much more cognitively demanding and often appears in situations without
many context cues (such as a nonillustrated reading passage or a lecture-style lesson without visuals
or manipulatives.) This more difficult type of English encompasses general academic language that
students are unlikely to hear in social situations (phrases like “select the most likely response from
the following options” or “multiply by the conjugate”) as well as content-area technical terms
(including STEM terminology with multiple meanings; e.g., plane or receptacle). How quickly
students acquire academic language varies widely due to multiple factors ranging from students’
prior educational experience to the quality of teaching. However, research over the past 2 decades
has indicated that students generally take 4–7 years—and sometimes up to 10 years—in U.S.
schools in order to acquire academic language proficiency (Thomas & Collier, 2002). Given the
complexity of the task of learning academic English, it is no surprise that students who have
already acquired fluent conversational English skills often still need language support for several
more years to reach grade-level expectations in the STEM content areas.
Teachers and even parents can easily mistake a student who speaks social English fluently as
being proficient in English overall—even though that student may need to increase their academic
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English proficiency a great deal in order to succeed in grade-level content area work. One helpful
analogy for the way language acquisition works is to think of the different types of language that
we all use in different social situations (language registers). Two students talking to one another in
the hallway often use very different word choices and grammatical constructions than those same
students use with their teacher in the classroom.
Teachers also may recognize a parallel between the development of social and academic
language among English learners and among native speakers. Many English-only students
whose spoken language is perfectly functional for social situations do not have the academic
vocabulary necessary to complete grade-level tasks in Standard English—even if they speak no
other language. Adults use different vocabulary, sentence structure, and discourse parameters
when speaking to a supervisor, in a faculty meeting, with young children, and with close friends.
Academic language is not a set of skills that English learners can “soak up” from the environment
but rather is learned through scaffolding and contextual support and is facilitated through explicit
teaching.
Teachers Already Have Resources on What to Expect From Students Learning English
Each U.S. state’s department of education has procedures in place to monitor and support
language learning. These procedures also benefit content area teachers, but many teachers are
unaware of the resources. Most states use a home language survey to indicate if a student enrolling in
school speaks a language other than English; every student who indicates that they speak a language
other than English is given an assessment of their proficiency in reading, writing, listening, and
speaking English (Zacarian, 2012). The results of that assessment determine whether the student is
considered “limited English proficient” and eligible for language support services. Under federal
mandates, local education agencies must assess an identified English language learner’s (ELL)
language proficiency annually until 2 years after a student has demonstrated English proficiency
(Zacarian, 2012). The results of this annual language proficiency test can help STEM teachers
know what students should be able to do at each level of development in reading, writing, listening,
and speaking English.
Figure 1 provides a visual representation of how knowing a student’s language proficiency
levels can help teachers know what they can expect from a student. These “Can Do Descriptors”
are published by WIDA, an organization that includes a consortium of 35 states that jointly use
resources to comply with federal mandates for educating English language learners (WIDA, 2013).
The WIDA language proficiency standards and instructional recommendations are built upon a
strong research base and are a useful and recommended resource even for educators in states
that are not members of the WIDA Consortium. The figure that we have included here indicates
what a student at each level of English proficiency can be expected to do in the areas of listening
and speaking in content area classrooms. STEM teachers can use this figure as a reference when
planning lessons and modifying expectations for assignments based on the type of language
students can produce and comprehend at a particular stage of English development. For example,
a teacher doing the egg experiment may design assignments with the expectation that a student
writing at Level 3 can be expected to produce short paragraphs but may not yet be able to state
opinions orally because of a Level 2 speaking proficiency.
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Figure 1. “Can Do Descriptors” for English language learners. WIDA Can Do Descriptors © 2009 Board of
Regents of the University of Wisconsin System, on behalf of the WIDA Consortium—www.wida.us (used
with permission from WIDA).
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The second significant resource that you may have in your school is a licensed ELL specialist.
With their specialized training in scaffolding strategies and second language literacy, teachers
with an ELL certification are experts in supporting academic language and differentiating
instruction. Yet, too often, ELL teachers are viewed only as interpreters. Using this licensed teacher
only as an aide is not utilizing his or her skills to their full potential. Some of the reading and
vocabulary learning strategies that ELL specialists use regularly in language classes can be used by
content-area teachers to great effect—and to the benefit of all the students in the STEM classroom.
STEM teachers can maximize their personnel resources by collaborating and using strategies and
scaffolding methods that the ELL teacher can model.
Language Support Teachers Provide to English Learners Benefits Other Students Too
The research-based best practices for teaching English learners offer two significant additional
benefits: (a) They also help English-only students develop academic language, which is particularly
important for struggling readers and students with learning differences (Center for Applied
Linguistics, 2015); and (b) they help all students learn STEM content (National Science Teachers
Association, 2015). Literacy in language acquisition for ELL students is not the end product but a
process for further learning of the STEM content areas.
What STEM Teachers Need to Do: Using Literacy to Learn
STEM teachers can utilize the five following strategies to support language development
among ELLs as well as support literacy among all students: (a) build background of new concepts,
(b) support students’ vocabulary-building skills, (c) model how STEM vocabulary should be
used, (d) encourage student language production through increasing interaction opportunities, and
(e) use different grouping strategies for distinct purposes.
Build Background of New Concepts
STEM teachers know that their content has to have direct connections to the real world.
Teachers also know that these connections have to connect to the student’s real world (e.g., a
YouTube video) not the teacher’s real world (e.g., a VHS tape). Extending this idea, teachers need
connections to ELL students’ cultural real world to make connections and facilitate learning of new
concepts.
In addition to connecting to students’ cultures, students need to have experiences in multiple
representations: concrete with manipulatives, pictorial or graphical, numerical or algebraic, and
real-world applications (Zollman, 2012). This is in accordance with STEM content area standards
and, again, is helpful to English-only students as well as ELLs. Graphic organizers of a variety
of types are particularly useful in helping ELLs understand and communicate understanding of
complex topics (Haynes & Zacarian, 2010).
In our sample lesson, an egg is placed in a toy car and the car is released down an incline
plane with a barrier at the bottom of plane. The egg will fly out of the toy car and land on the floor,
breaking the egg. This lesson connects students’ real-world activity of needing to wear a bicycle
helmet to Newton’s laws of motion. It also gives students context for understanding the lesson’s
key concepts, even if they do not yet understand all the language used in class. In contrast to
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the traditional classroom in which lecture and reading are followed by comprehension questions
and a culminating high-interest activity, we recommend that teachers of English learners “teach
backward” by beginning a lesson with an experiment (or interactive experience, or video clip) then
preteaching vocabulary and leading discussion before assigning a textbook reading or delivering
a lecture. This process is analogous to reverse engineering in STEM education. The hands-on or
visual experience—in this case, the egg demonstration—provides context for both the language
and content the students will learn throughout the lesson.
Support Students’ Vocabulary-Building Skills
English learners must learn three tiers of vocabulary. The first tier is common vocabulary used
in social or daily life interactions. The second tier is the vocabulary needed for school that students
might not encounter in their everyday lives or social interactions; examples might include words
like seldom or classify. The third tier of vocabulary consists of academic content words which
have STEM-precise definitions used in specific situations (Haynes & Zacarian, 2010). Among
third tier vocabulary words, STEM language definitions vary from the English social vocabulary.
For example, the term plane has different meanings depending upon the context of the setting.
In common vocabulary, plane means an airplane to most students (ELL and native speakers.) In
mathematics, plane means the coordinate plane of the x- and y-axis in mathematics. But, in our
activity, plane means an incline plane that stores potential gravitational force. When STEM teachers
are presenting all their students with Tier 3 vocabulary, they can look through their assignments
and see which Tier 2 vocabulary words their ELLs will need to know to complete the assignment
successfully. Preteaching the STEM content vocabulary words, as well as supporting ELLs by
pointing out these Tier 2 vocabulary words, can help speed acquisition of the hundreds of words
that they need to learn to be able to achieve grade-level proficiency in STEM content (File &
Adams, 2010).
The notion of considering three different tiers of vocabulary may seem excessive to teachers
who are not language specialists, but consider the following steps in our example. First we have the
students predict what will happen to the egg in lay terms. Later we introduce and model scientific
vocabulary. Still later, we expect students to apply an understanding of Newton’s laws of motion.
ELL students’ understanding of language is a developmental process for conceptual understanding,
much as we guide all STEM students’ understanding of content in a developmental process for
conceptual understanding.
Teachers support vocabulary development in a variety of ways—such as encouraging students
to keep vocabulary journals or creating mnemonic aids—but the key to learning vast numbers
of words is to use the words often in a variety of interactions. Research on language learning in
STEM content areas supports the necessity of students using target vocabulary multiple times in
reading, writing, speaking, and listening in order for students to retain large numbers of new words
(Mancilla-Martinez, 2010; Folse, 2006; Lee & Muncie, 2006). Some research-based methods
of recording and practicing vocabulary include student-created index cards with translations,
definitions, pictures, or mnemonic devices (Katz, 2014); websites and apps such as Quizlet;
interactive word walls; and personal dictionaries that may include translations and graphic or
pictorial representations (Echevarría, Vogt, & Short, 2012). Such tools can be useful, but research
has shown that the timeworn practices of writing dictionary definitions or studying isolated word
lists out of context and are not efficient in helping students retain vocabulary (Echevarría et al.,
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2012); rather, we learn new words through using those words in meaningful ways.
Returning to our sample lesson, a word wall of technological terms can direct the scaffolding of
building conceptual knowledge. The teacher can use the word wall to guide the precise definitions
of incline plane, inertia, momentum, acceleration, mass, and force as the students repeat the
experiment and reflect upon the lesson in verbal and written form.
Model How STEM Vocabulary Should Be Used
Using literacy to learn means not just having discrete language skills but also being able to
apply and use those skills in order to learn content. Learning new vocabulary is essential for all
students—particularly English language learners who need to learn even more vocabulary to catch
up with their grade-level peers—but knowing the definitions of dozens of words is of limited utility
if students don’t know how to use the words to explain their learning. Learning a language involves
becoming proficient at several levels of language usage: the word level (vocabulary), the sentence
level (grammar), and the discourse level (organization and cohesion of ideas; WIDA, 2013). As
an example, consider the student who has learned a number of words in a foreign language but
does not know how to express a complex idea with those words. Even students who speak only
English often do not know how to comprehend or construct complex sentences in academic English
(sentence-level proficiency), much less comprehend a large amount of dense text (discourse-level
proficiency).
Table 2
STEM Language Functions and Sentence Structure Frames
STEM language
functions

Sample sentences using
Tiers 2 and 3 vocabulary
and target concepts

Sentence structure
frames

Sample sentences using
Tier 1 vocabulary

Sequence

First, __________,
then, _________, and
finally, __________.

We saw that first the car
rolled down the board,
then the car hit the brick,
and then the egg flew out
of the car.

Hypothesize

If _________, then
______will ______.

If we let the egg roll down From Newton’s first law of
the board, it will break motion, we hypothesize that
when it hits the brick.
the momentum of the object
will cause the object to stay in
motion when the vehicle hits the
barrier.

If _____, then _____
would have _______.

We observed potential gravitational energy of the object at the
top of the incline plane. Then the
object accelerated due to gravitational force and Newton’s first
law of motion. Finally, the eggshell broke because of Newton’s
third law of motion.

Moving beyond discrete vocabulary words to sentence-level language support may seem like
the realm of an English teacher, but STEM teachers can help increase sentence-level academic
English proficiency during the course of a STEM lesson as well. For example, using simple
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cloze-style sentence frames allows teachers to model the types of sentence structures needed for
STEM literacy in a systematic way (Dobb, 2005; Hoffman, 2013). By displaying simple examples
like those in Table 2 and prompting students to follow the template when speaking or writing,
STEM teachers can explicitly teach STEM language without taking time away from content
instruction. With the expectation that students will write in all STEM areas, modeling various
sentence structures empowers students with tools to write across the curriculum. Considering
that many students who speak only English also need practice using standard academic English
sentence structure, this language assistance strategy supports both academic English growth and
STEM literacy for all students. Using sentence frames in class discussions gives students multiple
practice opportunities with listening, speaking, reading, and writing key STEM sentence structures.
Merely posting a template on a board or digital whiteboard has only marginal effect, but repeated
exposure will support all students’ STEM literacy skills if the teacher scaffolds the lesson to deeper
and deeper conceptual understanding.
Encourage Student Language Production Through Increasing Interaction Opportunities
In order to use a language proficiently, learners need to engage receptive skills (reading and
listening) as well as productive skills (speaking and writing). Students’ receptive oral vocabulary,
words that they comprehend in listening, often grows more quickly than their productive written
vocabulary, words they can use effectively in writing (Peregoy & Boyle, 2013), so students need
to practice using their newly acquired vocabulary in a variety of ways. Increasing interaction
involves STEM teachers planning classroom activities with an eye toward increasing interaction
opportunities as well as thinking about what language students will need to use to complete the
task—a language objective (Echevarría et al., 2010).
Again, we go back to our sample lesson. First, students predict what they believe will occur
the first time they see the egg at the top of the incline plane. The students then verbally share their
predictions with another student. In later experiments with the egg activity, the teacher guides,
challenges, and edits the students’ scientific terminology in their oral then written communications.
Use Different Grouping Strategies for Distinct Purposes
When teachers ask us how to group students in class when different languages are involved, we
respond by saying, “It depends on the purpose for the cooperative group.” Teachers often arrange
student groupings so that ELL students are grouped with English-only speakers to encourage group
communication in English. This grouping strategy encourages ELLs to practice their language
skills.
However, STEM content teachers should not be afraid of students using their native languages
at times in class. Research supports the value in ELL students using their native language to
clarify and solidify concepts (Echevarría et al., 2010). Many teachers across disciplines have been
misinformed that students should not use their native language at all in school, or that students
and families should be discouraged from using their native language at home in order to facilitate
quicker English learning. However, federal mandates specify that schools may use a student’s native
language to help teach both English and academic content (Zacarian, 2012). As far as students and
parents speaking their native language, decades of research on language learning supports the
importance of retaining first language use in the home. For example, The National Literacy Panel on
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Language Minority Children and Youth found that literacy skills, concept attainment, and content
knowledge learned in one language will transfer to a new language more quickly if a student can
utilize his or her background in the home language (August & Shanahan, 2006; Cummins, 2000).
Students in STEM classrooms often find great benefit in using their home languages periodically
in order to check their understanding and solidify their learning with peers and teachers who speak
their first language. Similarly, STEM teachers should take advantage of any print or multimedia
resources available in students’ home languages to use as supplementary teaching materials. In our
sample lesson, we want ELL students first to use their native language to build the background for
the concepts that will be presented later in the sequence of Newton’s laws of motion.
Connecting What We Know and What We Do
Finally, good instruction for learning is good for every student. We already have three ways to
view ELL students’ learning. First, similar to the STEM research on female students and gender
bias, teachers sometimes assume that a specific group of students (ELLs) are not as capable as other
students and, not wanting to make the students uncomfortable, ask only lower level questions to
those students (Shahrill & Mundia, 2014). We want all students to obtain the Common Core State
Standards for Mathematical Practice (National Governors Association Center for Best Practices &
Council of Chief State School Officers, 2010) of Problem Solving, Reasoning, Communicating,
Modeling, Using Tools Strategically, Attending to Precision, and Making Use of Structure. These
standards will not be attained if the teacher expects only lower level responses from the ELL
student. The teacher has a responsibility to all students to challenge them to succeed.
Second, each school district gives an English proficiency test on reading, writing, speaking
and listening to ELL students. Students then have an Individual Learning Plan (ILP) or a Pastoral
Support Programme (PSP) plan that delineates accommodations for instruction and modifications
for assessments. These seem daunting to a STEM teacher. But think back 10 years ago and receiving
Individualized Education Programs (IEPs) for students with learning disorders. Educators learned
to include IEPs into their lesson planning; in the same manner, educators will become accustomed
to providing scaffolding and language support for ELL students’ needs.
Third, since ELL students are emerging bilinguals (or may already be multilingual before
learning English), ELL students in class are already utilizing more of their brain function than
other students. So, we challenge STEM teachers to view having ELL students in one’s class as
having gifted students in the class. Native English-speaking students benefit socially and especially
academically from having interaction with ELL students in their class.
Closing Thoughts
An ELL student may speak with an accent, but this does not mean that the student thinks
with an accent. We know that students achieve more from teachers who scaffold instruction
and activate schema, beginning class with motivating demonstrations, videos, manipulatives,
real-world applications, or laboratory experiments. We also know that beginning class with visual
or concrete clues gives context to learning, helping not only ELLs but also all STEM students—
using literacy to learn is good for all.
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